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Executive Summary 

Increas ingly, tires that reach the end of their serviceable lifetime are processed for beneficial 
reuse in novel applications. These include soil and surface amendments at ath letic fields, 
playground and garden mulch, and bound surfaces at playgrounds and athletic faci lities. 
These modern artificial surfaces reduce the likelihood of personal injury, prov ide uniform 
recreational playing surfaces, promote energy conservation, el iminate pesticide and fertilizer 
usage, and support waste recycling. T ires are manufactured with a variety of materials and 
additives to ensure optimum product safety, reliabil ity and performance. Some tire 
ingredients are considered to be human health hazards at exposure levels several orders of 
magnitude greater than possible from contact with finished consumer products. Accordingly, 
ath letes, parents and other stakeho lders have expressed questions and concerns about the 
potential for adverse human health or ecologica l effects from the use of recycled tires in sport 
surface or playground materials. 

The purpose of this report is to eva luate the health and ecological risks associated with the 
use of recycled tire rubber in consumer appl ications, particu larly playgrounds and athletic 
fields. In doing so, a thorough review of available literature was conducted includ ing studies 
from both advocates and opponents to the use of recycled tire materia ls. 

An examination of the weight of ev idence across a ll ofthe avai lable stud ies was conducted to 
enable a comprehensive assessment of potentia l risk. As is true of all such studies, 
uncertainties and limitations to the health assessments that have been completed to date are 
recogn ized. However even recognizing such limitations, a rev iew of available studies 
concludes that adverse health effects are not likely for chi ldren or athletes exposed to 
recycled tire materials found at playgrounds or athletic fields (Table I). Similarly, no 
adverse ecological or environmental outcomes from field leachate are likely. 

The reviewed studies considered the quantitative and qualitative aspects of exposure to 
c lasses of chemicals most likely to be inhaled, ingested or directly contacted during athletic 
or recreational use. While some of the ingredients used in tire manufacturing are cons idered 
potentially hazardous to human health at high doses, the potential for athlete or child 
exposure to these chemicals is very low. Tires are heated during manufacturing to generate 
physical and chemical reactions which bind the individual chemicals together such that they 
are inhibited from release into the environment. Stud ies which assessed exposure from 
breathing in indoor sporting env ironments where tire materials are used did not find 
appreciable adverse heath effects. The same conclusion is applicable to outdoor settings, 
where particulate and gaseous phase air concentrations are expected to be 10 to I 00 times 
lower, due to air dispersion and turbulence. 

Uncertainties in the existing literature have been cited as areas of concern , resulting in 
confusion regarding the safety of recycled tire products, especially for chi ldren or other 
sensitive individuals. While these uncerta inties, such as the lack of a temperature-emission 
rate relationship for outdoor ground rubber field installations or the lack of an extensive peer 
reviewed toxicology database for some compounds released from ground rubber from 
recycled tires, represent data gaps, the weight of the evidence indicates that these data gaps 
are not urgent or short term data needs. Although unique or significant health risks are 
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unlikely from use of recycled tires in sports or playing fields, research to affirm the continued 
safety of these products is planned and ongoing. 

Based on a review of the currently avai table data, there are two reasonable long term research 
goals. Completion of these goals is not considered to be a short term or urgent data need, but 
wou ld be useful in enhanc ing the quality of ri sk communication regarding play surfaces that 
use recycled tires. The two goals are assessment of fine particulate exposure at indoor and 
outdoor fields and assessment of outdoor airborne concentrations of volatile organic 
compounds as a function of temperature. The Ca li forn ia Integrated Waste Management 
Board is currently considering completing research in each of these areas. 

Of the exposure pathways and chemicals reviewed in th is report, inhalation of respirable fine 
particulates, particularly at indoor fie lds, was identified as a candidate for additional 
characterization. Although ground rubber used in playing fields are typically one mi ll imeter 
or larger in diameter. they were identified in one study as an appreciable fraction of the 
respirable fine particulate maner (PM25) using a tracer molecule. Fine particulate load is 
expected to be low for most applications due to the processing and washing of the product 
which occurs during recycling. However. since adverse health outcomes are associated with 
fine particles, further characterization of PM 2 5 in the raw material, as well as at indoor and 
outdoor fields, using a reliable tracer is recommended as a long term research objective. 
Although on-field outdoor PM2.s levels and composition are not li kely to differ from local 
background levels or pose a health risk, assessment of these leve ls is important for risk 
communication given the scientific consensus on adverse health outcomes assoc iated with 
fine particles. If indoor spaces adhere to building codes and best practices defined by 
American Society of Heating. Refrigerating and Air-Conditioning Engineers (ASH RA E), no 
adverse health concern is expected due to PM2 5 levels. 

The second research goal pertains to risk communication of human health inhalation risk for 
semi-volatile and volatile compounds. As is the case for many building materials, recycled 
tire rubber is not considered to be completely inert. as it contains certain vo latile organic 
compounds that over time wi ll diffuse into the air. These processes are slow and tend to be 
anenuated with time as the chemicals near the material surface are depleted. Although 
overall mass emission rates are quite low and diffusion limited, some stakeholders have 
expressed concern that solar radiation induced fie ld temperatures as high as 160°F may cause 
levels of exposure exceeding that of indoor studies. While this is extremely un likely to be 
the case, confirmatory field data would enhance understanding of the time-temperature 
emission profile. and could provide assurance that risk from inhalation of vo lati le organic 
compounds is below a level of concern. 

Concerns have been expressed about ecological toxic ity from zinc and the possibil ity of 
natural rubber allergy. Zinc is ubiquitous in the urban environment, and zinc leaching from 
artificial turf fie lds is not likely to pose unacceptable ecological risk. Surface water samples 
may easily be collected to address this issue if there are specific concerns about sensitive 
local species. The existing literature indicates that natural rubber sensitization or adverse 
allergic reactions are not likely from recycled tire materials. since liquid latex is not used in 
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making tires. Tires are made from natural rubber in bale form, which does not contain the 
same level of active proteins which may trigger allergenic responses. as found in liquid latex. 

In Conclusion: 
• The hea lth and ecological risks associated with the use of ground rubber in consumer 

applications, particularly playgrounds and athletic fie lds, were evaluated through a 
thorough review of the literature; 

• This review included studies from both advocates and opponents to the use of ground 
rubber; 

• No adverse human health or ecological health effects are likely to result from these 
beneficial reuses of tire materials; and 

• Whi le these conclusions are supported by ex isting stud ies or screening risk 
assessments, additional research would provide useful supplemental data regarding 
the safety of recycled tire products and enhance the we ight of evidence used in ri sk 
communication. 
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Ta ble 1: Summary of Selected Human Health Assessments of Recycled Tire Rubber 

Scenar io 

Outdoor 
child 

playground 
usage 

Indoor 
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athlete use of 
artificial turf 

Artificial turf 
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Indoor 
artificial turf 
installation 

and amateur/ 
professional 
athletic use 

Indoor adult 
and child use 
of artificial 

turf 

Child use of 
public 

playgrounds 

Classes of 
chemicals 
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Metals. 
PAHs, 
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allergen 

PAHs 

Nitrosamines 

VOCs 
formaldehyde 

PAHs, 
PCBs, 
VOCs. 

phthalates, 
alkyl phenols 

Organic extract 
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Oral 
Ingestion or 

Hand-to
mouth 
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Literature 

data; 
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gastric 
digestion; 

wipe 
sampling of 
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Literature 
review 

Ground 
rubber 

phthalate and 
alkyl phenol 

content 

Routes considered 

Inhalation 

Literature 
Review 

Air quali ty 
sampling and 

headspacc 
analysis 

Emission 
chamber test 
results paired 
with model 

small indoor 
gymnasium 

Indoor air 
quality 

sampling of 
gaseous and 
particulate 

phase 
compounds 

Genotoxicity testing 

Dermal 

Allergic skin 
sensitization 

based on 
standard 

guinea pig 
model 

Leaching 
studies: urine 

biomarker 

Leaching 
studies 

Study 
Conclusions 

Acute ingestion of shreds 
unlikely to produce health 

effects; low chronic risk for 
hand-to-surface-to-mouth 
transfer; skin sensitization 

or reaction unlikely. 

No significant health risk 
for professional athletes: 

sufficient indoor 
ventilation recommended 

to control fine dust. 
Small quantities of 

nitrosamines em itted but 
not detectable in air; 

nitrosamine related health 
effects not likely. 

Worst case indoor VOC 
and aldehyde 

concentrations do not pose 
a health concern for adult 
or child athletes; during 
field installation, an air 

exchange rate of at least 2 
per hour is recommended 
for protection of worker 

health. 
Chemical substances are 

released in very low 
quantities; based on worst 
case assumptions. use of 

artificial turf halls does not 
pose elevated risk: more 
information needed on 

natural rubber allergens. 
Extracts were not 

genotoxic and exposure 
potential in children 

deemed minimal: tire 
rubber at playgrounds does 
not pose a health hazard to 

children. 
•The sponsors of thiS study have proposed a draft research plan to assess mhalat1on of particulates and volatile 
chemicals. 

St udy 
Year and 
Citation 

United 
States 
2007111 

Nether
lands 

2007121 

Nether
lands 

2007()) 

France 
2007141 

Norway 
2006151 

Canada 
2003161 
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1.0 INTRODUCTION 

A portion of tires that have reached the end of their serviceable lifetime are processed for 
beneficial reuse in ath letic fields, playgrounds, and gardens. These include loose one to three 
millimeter particles used as soil and surface amendments, larger shreds for use as garden 
mulch, and bound surfaces at playgrounds and athletic fields. These modern artificial 
surfaces reduce the likelihood of personal injury. provide uniform recreational playing 
surfaces. promote energy conservation, eliminate pesticide and fertilizer usage and support 
waste recycling. Tires are manufactured with a variety of materials and additives to ensure 
optimum product safety, reliability and performance. Some tire ingredients are considered 
occupational hazards at high exposure levels. Accordingly, athletes, parents and other 
stakeholders have expressed questions and concerns about the potential for adverse human 
health or ecological effects from the use of recycled tires in sport surface or playground 
materials. 

The purpose of this report is to evaluate the health and ecological risks associated with the 
use of ground rubber1 from recycled tires in consumer applications, particularly playgrounds 
and athletic fields. In doing so, a thorough review of available literature was conducted 
including studies from both advocates and opponents to the use of recycled tire materials. 

This report discusses the findings and limitations of key human health and ecological studies 
of ground rubber from recycled tires that have been completed to date. However even 
recognizing the limitations, the review of avai lable studies concludes that adverse health 
effects are not likely for ch ildren or athletes exposed to recycled tire materials found at 
playgrounds or athletic fields (Table I). Similarly. no adverse ecological or environmental 
outcomes from field leachate are likely. 

The reviewed studies considered the quantitative and qualitative aspects of exposure to 
classes of chemicals most likely to be inhaled, ingested or directly con tacted during athletic 
or recreational use. While some of the ingred ients used in tire manufacturing are cons idered 
potential ly hazardous to human health at high doses, the potential for athlete or child 
exposure to these chemicals is very low. Tires are heated during manufacturing to generate 
physical and chemical reactions which bind the individual chemicals together such that they 
are inhibited from release into the environment. Risk evaluations of potential exposures such 
as inhalation of natural rubber allergens or rubber particulate were not found in the available 
literature; therefore supplemental screening assessments were incorporated into the report 
where needed. 

Various stakeholders have identified uncertamtles in the existing literature as areas of 
concern, resulting in confusion regarding the safety of recycled tire products, especially for 
children or other sensitive indiv iduals. Whi le these uncertainties, such as the lack of a 
temperature-emission rate relationship for outdoor ground rubber field installations and the 
lack of an extensive peer reviewed toxicology database for some compounds from ground 
rubber from recycled tires represent data gaps. the weight of the evidence indicates that these 

1 While synthetically produced ground rubber is available. for the purposes of this repon. unless otherwise 
noted. reference to ground rubber implies ground rubber derived from recycled tires. 
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data gaps are not urgent or short te rm data needs. Although unique or significant health risks 
are not like ly from use of recycled tires in sports or playing fi e lds, research to a ffirm the 
continued sa fety of these products is planned and ongoing. and may enable better 
communications on this topic. 
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2.0 DISPOSAL AND RECYCLING OF TIRES 

The focus of this report is the use of ground rubber from ground scrap tires in sports field, 
running track and playground applications<7>. A number of methods are used to dispose of the 
tires discarded in the United States each year including recycling approximately 75 percent 
of the total disposed into useful products such as tire derived fuel (TOF). tire derived 
aggregate for civil engineering applications. infill for artificial turfs and as a cushioning 
ground cover in playgrounds<s-to>_ Landfi lling and tire piles have been discouraged by state 
and federal agencies because landfi ll caps can be compromised by tires rising to the surface 
and tire piles pose pest and fi re ri sks, potentially requiring costly cleanups110

• 
11 >. Several 

states have implemented incentives for useful applications of waste tires including public 
reporting of waste tire fate in Arizona and a scrap tire recycling trust fund in Kentuck/8

• 
12

' 
14>. The marketing of recycled ground rubber based products has been highly ranked in a list 
of environmental and economic preference for tire disposal, second only to using the tire for 
as long as possible before di sposal(?)_ 

2.1 GRO NO RUBBER PROCESSING 

The recycling of used tires into ground rubber is a mature technology which requires 
complex machinery using either ambient - temperature or cryogenic processes. These multi
step processes result in a uniform product free of fiber or steel impurities<7• 

15
• 

16>. For most 
applications, typical fin ished ground rubber diameters range from 0.5 to I 0 mnP>. Either 
process can be used to generate ground rubber for use as ath letic field infi ll, with typical 
diameters between one to three mm<17>_ In addition to inter-technology variation. there is 
likely to be variation in product characteristics within the same technology across various 
suppliers< 18>_ 

In the ambient process. tire chips are ground by a sequence of consecutive granulators to 
produce ground rubber of varying size specificat ions with a yield of approx imately 70 
percent ground rubber and 30 percent steel and fiber<7• 

19>. Steel and textiles are recovered 
using magnetic and vibration density separators. A spray or mist may be used for lubrication 
and to control particle generation rates. Respirable fine particles are generated during the 
mechanical shredding process, but are recovered to some degree in the latter stages by air 
pollution control devices such as cyclones or washing< 1

• 
15>. In some applications. such as 

playground mats bound with polyurethane. roller mills are used to produce longer and 
rougher granulates which facilitate bonding<20>. 

In cryogenic recyc ling, liquid nitrogen is used to cool whole tires or chips to a temperature 
below -112 °F<7• 

19>. At this temperature, the rubber is brittle like glass and size reduction is 
accomplished by crushing or breaking. Cryogenic recycling has been historically considered 
to result in a cleaner. less porous, and more uniform end product in fewer steps than ambien t 
grinding, but the expense of liquid nitrogen is a consideration when comparing the two 
processes. As with the ambient process, steel and fibrous byproducts are recovered in the 
process. Because smaller size particles arc more cost effective to produce than larger 
particles sizes, ground rubber products from cryogenic technology may have smaller nominal 
sizes than ground rubber products from ambient technology. 
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2.2 USES OF' G ROUND RUBBER 

Ground rubber from recycled tires has a variety of uses including: rubber modified asphalt, 
molded products, athletic surfaces such as fields and tracks, reuse in tires/automotive 
products, construction, landscaping, and playgrounds(?. 8>. The benefits of ground rubber use 
in these applications are cost savings, improved performance, and increased safety and 
durabil it/ 8>. Ground rubber does not promote microbial growth. When used as a surface 
cover in playgrounds, it was shown to be more protective in preventing serious brain injury 
compared to pea gravel, sand and wood chips. saving an estimated $6.6 billion per year in 
injury related costs<8• 

21
•
23

' . In landscaping uses, ground rubber resists compaction or 
decomposition over time when compared to wood mulch. Rubber modified asphalt is used 
on roads, highways, and bike, walking, and golf cart paths<8>. 

Ground rubber is frequently used as infill for artificial turf athletic fields and the New York 
City Department of Parks and Recreation reports that artificial turf athletic fields are used 28 
percent more often than a conventional sports fietd<24>. Although the cost to install artificial 
turf fields can be more than conventional fields, artific ial fie lds are estimated to have lower 
maintenance costs than grass fie lds<24>. Whi le frequency of injury does not differ between 
artificial and natural grass fie lds, the types of injuries that occur on each are very different. 
One study found that natural grass fields arc associated with head and neural injuries. and 
ligament injuries whereas artificial turf fields were associated with noncontact injuries, 
surface and epidermal injuries. muscle trauma, and injuries at high temperature. 
Furthermore, natura l grass field injuries generally require longer recovery times than do 
artificial turf field injuries<25

' . A separate study evaluated rotational and translational traction 
in rubber in-fil led artificial versus natura l turf fields and determined that natural grass has an 
increased rotational traction (often associate with more serious ligament injuries) when 
compared to artificial turf fie lds<23>. 

Some applications consist of ground rubber bound in a poured substrate, which is used at 
playground surfaces and running tracks(7). As compared to loose rubber, it is easier to 
maintain and keep clean. The material is not moved or displaced during play but can have 
less shock absorbing potential than loose ground rubber(22>. 
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3.0 RECENT PUBLIC HEALTH STATEMENTS, QUESTIONS AND CONCERNS 

Whi le the use of ground rubber in its applications provides for the recycling of scrap tires and 
can provide appreciable benefits over conventional materials, recent attention has focused on 
the possibility that ground rubber may cause an environmental or human health ri sk through 
these uses. Specific concerns are that particles of ground rubber may be inhaled or ingested; 
that dermal exposure may result in natural rubber allergy; or that VOCs and other chemicals 
such as PAHs may be emitted from ground rubber. resulting in negative impacts on human 
health or the environment<6• 

2-1>. Many state and local governments. in response to public 
questions, have addressed the issue of the use of ground rubber in commercia l applications. 
Included below are the conclusions and recommendations of these governing bodies. 

New York State 
Legislators in New York State have proposed a six-month moratorium on the installation of 
new synthetic turf fields until the benefits and disadvantages can be more thoroughly 
investigated in terms of children's health and water quality. While this is not specific to the 
use of ground rubber as fill in artificial turf fi elds. some of the concerns raised from ground 
rubber usage have influenced thi s decision<2">. 

New York C itv 
New York City purchases the largest amount of synthetic turf compared to any other 
community in the United States<24>. To address consumer concerns about the potential 
hazards associated with the use of artificial turf fields, the New York City Department of 
Health and Mental Hygiene (NYC DOHMH) published a fact sheet on artificial turf. In 
addition to providing in fo rmation about the benefits of using artificial turf fields in 
comparison to natural grass fields, they address concerns regarding chemicals detected in 
ground rubber (PAHs. metals, VOCs), and natural rubber. The Department recognizes that 
while chemicals are detected in ground rubber. they are unlikely to pose a health risk based 
on currently available in fo rmation, and furthermore are ubiquitously found in the urban 
environment from alternati ve sources. Lastly, the DOHMH refers to ongo ing research to 
identify gaps in current knowledge regarding the health effects associated with artificial turf, 
but continues to recommend the use of arti ficial turf fields to consumers<26>. 

New Jersey 
The New Jersey Department of Environmental Protection released a white paper reviewing 
the toxicity associated with the use of ground rubber from recycled tires in playgrounds and 
artificial turf fields. They conclude that there is .. no obvious tox icologica l concern·' 
associated with the intended uses of ground rubber in outdoor settings<27), while reserving 
conclusions about the potential for allergic reaction and natural rubber sensitization. 

California 
In 2007, the California Office of Environmental Health Hazard Assessment (OEHHA) 
released a risk assessment of the use of recycled waste tires in playgrounds and tracks with a 
specific focus on children as a susceptible population. This study included a thorough review 
of the literature related to chemical leaching from tire material and other relevant studies; an 
analysis of exposure and risk associated with ora l ingestion of ground rubber: an analysis of 
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exposure via hand-to-mouth actiVIty; an analysis of the potential for skin sensitization 
through dermal contact; ecotoxic ity associated with recycled tire uses; and evaluation of head 
injuries related to different playground surfaces. The conclusions of this study indicate that 
there is little ri sk associated with exposure to recycled tire materia ls used in playgrounds or 
tracks<•>. 

Connecticut 
The Connecticut Department of Public Health released a fact sheet addressing common 
questions regarding the health issues associated with artificial turf fields. In this fact sheet, 
the Department addresses chemical releases from in fill material and routes of exposure. The 
Department suggests that, with respect to VOC emissions from turf fields, wind and 
temperature gradients should result in rapid dilution such that concentrations in the athlete's 
breathing zone are below levels of concern. Furthermore, they state that many of the 
chemicals emitted from the tire material are commonly found in urban and suburban 
environments from car exhausts, furnaces. consumer products, and foods. In conclusion. the 
fact sheet states that. based on current evidence. which is not without uncertainty. there is 
little risk to public health<28>. 

Concord, Massachusetts 
The town of Concord Massachusetts hired an environmental engineering firm and a human 
health risk assessment expert to evaluate the potential human health risks associated with 
ground rubber in artificia l turf fields. The expert reviewed literature and wrote a brief 
memorandum to the director of the Public Works Department in Concord. Much of the focus 
of the assessment was on PAHs, and the conclusions of the assessment were that there is 
little exposure to and thus little risk from PAHs or other chemicals associated with ground 
rubber used in artificial turf fields to the human population<29l. 

EPA Region 8 
In response to Executive Order 13045, which instructs the EPA to investigate environmental 
or safety risks that may disproportionately affect children. and likely prompted by questions 
from consumers, regulators in Region 8 identified potential health hazards to chi ldren from 
playing on surfaces such as athletic fields that employ ground tire rubber< 13

· 
30

· 
31>. EPA 

Region 8 representatives suggest that based on limited data and existing data gaps, the ri sk 
from the use of tire rubber at playgrounds and athletic fields is unknown with respect to 
pulmonary toxicity from particulate and fibers. systemic toxicity from inhalation of volatile 
organic compounds (VOCs) and heavy metals. and pulmonary sensitization to natural rubber. 
Furthermore, it is recommended that the EPA conduct a comprehensive risk assessment to 
include these endpoints. and initiate research to fill existing data gaps that may aid in this 
assessment<J• >. 

EHHI 
In response to government issued statements regard ing the safety of ground rubber used in 
consumer applications, Environment and Human llealth, Inc. (EHHI). a Connecticut non
profit organization that conducts human health and environmental policy analysis. recently 
issued a report recommending a moratorium on the installation of fields or playgrounds that 
use ground-up rubber tires. These conclusions were based on limited testing which showed 
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that low levels of metals or organic compounds are leachable from tire rubber, extrapo lation 
from occupationa l studies, and critique of relevant quantitative studies. 

The concerns of EPA Region 8 and those publicized by EHHI are addressed in the literature 
review presented in Section 5.0 and discussion presented in Section 6.0. 
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4.0 OVERVIEW OF CHEMICALS USED IN TIRE MAN UFACTURING 

In order to understand the potential chemical risks associated with the use of ground rubber 
from recycled tires, it is necessary to review the tire manufacturing process, particularly in 
relation to the types of chemicals used, their potential for release from a finished tire and 
associated toxicities. In genera l a tire may consist of five primary components, namely: 
tread, sidewall, stee l belts, body plies, and the bead. As such, tires are manufactured from 
many different materials including natural and synthetic rubber. texti les and steel. Depending 
on the specific function and performance of a tire, different rubber formulations based on 
different po lymers, fillers and low molecular weight ingredients are necessary for the various 
tire components. The rubber components are made using chemically reacti ve and unreactive 
materials including: 

Unreactive materials 
Polymer 
Carbon black (filler) 
Silica (fi ller) 
Mineral oil (plasticizer) 
Resins 
Waxes 
Zinc oxide (activator) 
Processing aids (fany acids. esters, glycol 
derivatives) 

Reactive mater ia ls 
Silanes (coupling agents) 
Adhesives 
Accelerators and vulcanizing agents (cross 
linking) 
Sulfur (cross li nking) 
Stearic acid (activator) 
Retarders (cross linking) 
Antioxidants 

The tire production process consists of three primary steps: preparation of the component 
materials, production of the components, and build ing of the tire (F igure I). The majority of 
the chemical materials are added to the rubber mix during a step called compounding during 
preparation of the component material s. 
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C:ompoMnt PrOducuon Blrildln(l 

Figure 1: Overview of the Tire Manufacturing Process 

During the tire making process. reactive materials are generally consumed during the curing 
process, so that little if any of these materials are found in the finished product<32

• m. As 
such. many of the reactive chemicals which have been identified by some as a concern in tire 
rubber because of their classification as mutagens, carcinogens, or reproductive tox icants, are 
not present in the finished tire at significant concentrations. Therefore. it is incorrect to infer 
the toxic properties of the individual chemicals used in tire manufacturing are the same as the 
recyc led tire ground rubber end-product. 

4.1 H AZARD IDENTI FICAT ION IN TIRES 

Even while reactive chemicals may not be avai lable for release from end-product tires, the 
identification of chemicals used in tire manufacturing as mutagens. carcinogens, or 
reproductive toxicants has resulted in a significant amount of attention on safety from the use 
of recycled tires in applications such as playground surfaces and artificial turf athletic fields, 
particularly in light of the fact that one of the exposure populations is children. Much of the 
focus of this research has been on polynuclear aromatic hydrocarbons (PAHs), phthalates, 
and metals. Presented here is a brief summary of the classes of chemica ls used in tire 
manufacturing that were the focus of investigators when assessing the safety of recycled tire 
materials used in consumer applications such as artifi cial turf fie lds and playgrounds. 
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4.1.1 Antioxidants 

Antioxidants are added to the rubber compounding mixture to inhibit oxidative aging of the 
end-product rubber. Antioxidants are not consumed during vu lcanization. but are consumed 
during product use. Common fam ilies of compounds used as antioxidants in tire 
manufacturing include quinolines, phenolic stabi lizers and phenylenediamines. Antioxidants 
may be able to migrate within the vulcanized rubber. but have not been detected in leachate 
studies from waste tires or in highway runoff. indicating the likelihood of exposure to 
antioxidants from the use of recycled tire rubber in playgrounds and artificial turf fields is 
low<32·3-ll. 

4.1.2 Accelerators and Vulcanizing Agents 

Acce lerators and vulcanizing agents are reactive chemicals used to promote or contro l the 
rate of sulfur vulcan ization during tire curing. As reactive chemicals. they are wholly 
consumed during the curing process. and are not expected to be present in the end-product. 
Furthermore, individually these chemicals represent only a small component of the rubber 
compounding mixture, as they are added to the rubber compounding mixture up to one 
percent by weight<32· 33). Consequently, exposure to these chemicals from the use of recycled 
tire rubber in playgrounds and artificia l turf fields is likely to be negligible. 

4.1.3 PAHs 

Polynuclear aromatic hydrocarbons (PAHs) are found as impurities in aromatic extender o ils 
which are used as plasticizers to provide elasticity and hardness to the finished tire. 
Therefore, recycled tires may contain PAHs<35>. although recent legislation in the European 
Union which restricts the use of aromatic oi ls in tire manufacturing will resu lt in fewer 
recycled tires that contain PAHs in the future<36>. Some PAHs are recognized carcinogens by 
the International Agency for Research on Cancer (IARC), and several other regulatory 
bodies<37

• 
38>. As such, PAl-Is are often heavi ly regu lated in terms of industria l emissions and 

clean-up leveJs<39>. The predominant source of PAHs in the environment is fuel combustion, 
and on roadways, it is primarily assoc iated with diese l fuet<40>. Because of the perceived risk 
associated with PAI-l s, nearly all of the risk assessments evaluating the safety of ground 
rubber used in artificial turf fields and playgrounds have evaluated PAH exposures as an 
endpoint<1

• 
4
• 
5
• 

35>. PAHs. as a family, are also highly toxic to aquatic organisms. 

4.1.4 Phthalatcs 

Phthalates are plasticizers used at some tire manufacturing faci lities to control elasticity of 
the end-product rubber<5>. The one phthalate that has received significant attention related to 
environmental hea lth is di(2-ethylhexyl) phthalate (DEHP). While it may be used as a 
plasticizer in both synthetic and natural rubber products. it's most common use is in PVC 
plastics. DEHP is considered a probable human carc inogen by the U.S. EPA. although IARC 
concludes that the carcinogenicity of DEHP cannot be classified because the mechanism of 
carcinogenicity as demonstrated in rats and mice may not be relevant to humans. DEHP has 
also been identified as a suspected endocrine disrupter, as high acute exposures to DEHP can 
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induce alterations in sperm formation and fertility in both mice and rats. However, no 
reproductive effects have been observed at low level environmental exposures. Because of 
the perceived risk associated with DEHP. the detection of phthalates in ground rubber has 
drawn attention in relationship to the usc of ground rubber in playgrounds and art ificial turf 
fields<41 >. 

4.1.5 Metals 

Zinc is the primary metal used in tire rubber compounding. Zinc. in the form of zinc oxide, 
is used as an activator of the vu lcanization process<32

· 
33

' . Zinc is an essential element to 
human health and is not typically regarded as a hea lth hazard, although excessive zinc intake 
can result in electro lyte imbalance via interference with copper homeostasis<42

· 
43>. Zinc, like 

many other metals, has a low threshold for toxic ity in aquatic species<44>, and is therefore 
often the focus of leaching studies evaluating the potential for aquatic toxicity from the use 
of recycled tires in playground and artificial turf fields<45>. While there are other metals 
found in whole tires, primarily in the steel belting of the tire. the ground rubber 
manufacturing process iso lates and recovers these metals and therefore the recycled rubber is 
not a source of those metals in the environment(!. 15>. 

4.1.6 Other 

Because petroleum based oils contammg volatile organic compounds (YOCs) are used 
during tire manufacturing. some YOCs may be present in end-product tires and ground 
rubber from recycled tires. It is expected that YOCs should off-gas from the tire after only a 
short time, due to high volati li ty, but these compounds have received significant focus in 
exposure and risk assessments of ground rubber uses, likely due to the toxicity associated 
with many YOCs (i.e. benzene and formaldchydei1. 4

·
5
·
46

·
47>. 

Certain proteins found in natural rubber arc also detectable in small quantities in tires<48
' . 

Sensitization to these natural rubber prote ins (i.e., natural rubber latex (NRL) proteins) 
through skin contact or inhalation can result in significant health hazards, such as severe 
allergy or asthma. Several groups have identified allergy as an endpoint of concern. based on 
limited information regarding natural rubber allergen concentrations in air as a resu lt of the 
use of ground rubber in athletic fields and playgrounds< I. 5>. 
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5.0 SUMMARY OF HUMAN AND ECOLOGICAL RISK STUDIES OF 
RECYCLED TIRE PRODUCTS 

This section provides a rev iew of the literature associated with human hea lth and ecological 
studies of useful applications of recycled tires. While the use of ground rubber is most 
pertinent here, findings associated with other recycled tire products (i.e. tire shreds) may also 
be relevant and are also discussed briefly. 

5.1 I MPACTS ON H MAN HEALTH 

5.1.1 Oral Exposure to G round rubber 

Oral exposure to ground rubber or associated chemicals may occur through multiple means: 
ingestion of ground rubber (intentional or incidental); hand-to-mouth activity; and intake of 
drinking water contaminated by chemicals leached from ground rubber. The existing 
literature evaluating oral exposure to components of ground rubber addresses each of these 
issues. 

5.1.1.1 Ora/Ingestion of Ground rubber 

Oral ingestion of ground rubber, either intentional or incidental, is unlikely to represent a 
major exposure pathway. However, consideration of this pathway is necessary. especially in 
the case of children who may consume ground rubber or pieces of poured rubber at 
playgrounds. The California OEHHA assessed the potential risk to children from this 
pathway(!>. In the OEHHA analysis, the toxicity assessment was conducted using data from 
published literature of leachate from tire shreds as well as a human bioavailability study. In 
the first analysis using the leachate data from the literature, OEHHA conservatively assumed 
that the highest concentration of each chemical detected in the leachate wou ld be available 
for ingestion. Additionally, a single dose estimate of individual chemical constituents from 
ingestion of I Og of ground rubber (in a IS kg child) was determined based on the leaching 
concentrations and ri sk quantified us ing a hazard index (acute screening value/dose 
estimate). This approach is consistent with U.S. EPA guidance which recommends 
assessment of acute exposure for a pica child using an ingestion rate of lOg per day. Where 
no acute screening value was available, a subchronic or chronic screening value was used for 
comparison. Where the dose was lower than a subchronic or chronic screening level. 
OEHHA concluded that acute health effects were unlikely. This is a reasonable approach, as 
acute effects most frequently require much higher doses than do chronic effects. Of those 
chemicals identified to leach from tire materials. 17 were unable to be characterized in terms 
of risk due to either absence of a screening criteria or insufficient available information to 
calculate dose. Hazard ind ices were ca lculated for 24 chemicals, but only zinc exceeded a 
hazard index of 1.0. The hazard index for zinc was 5. 167 based on an average dai ly intake of 
1.55 mg/kg. Zinc. however, is an essential element to the diet, and has a tolerable upper 
intake level of 7 mg/kg for a 3-year old child<42>. Furthermore, the leaching value used to 
estimate dose for zinc (2.3 mg/g tread) was 2.6-2.300-fold higher than results from other 
studies. Therefore. OEHHA concluded that the risk associated with zinc leaching is likely 
overestimated. 
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In addition to acute health risk, long term risk for developing cancer was estimated for those 
chemicals in the leachate that were considered carcinogens by the State of California. 
Those substances that were evaluated for carcinogenic risk included arsenic, cadmium, lead,2 

benzene, trichloroethylene, aniline, and naphthalene. Dose estimates were calculated using 
the same exposure assumptions as defined above (1 Og single exposure) but averaged over a 
70 year lifespan. Considerations were made for the increased susceptibil ity of ch ildren to 
mutagenic carcinogens by multiplying cancer risk by 3, as recommended by the U.S. EPA(49>. 
Total cancer risk from ingestion of ground rubber based on avai lable leaching studies in the 
literature was 1.2 x 10·7, well below the acceptable limit of 10·6. 

In order to more accurately predict leaching from ingestion by humans, OEHHA conducted a 
simulated stomach leaching study, wherein 40 grams of ground rubber were leached using a 
simulated gastric fluid , in order to replicate the environment of the stomach. The simulated 
gastric fluid was subsequently analyzed for chemical constituents. The non-cancer acute 
hazard indices and cancer risks were then recalculated using these leachate concentrations 
and the previous exposure assumptions. The non-cancer hazard index for a ll leachable 
chemicals was below 1.0, with the exception of an iline (1.062). Leaching of zinc into the 
gastric juices yielded a concentration of z inc nearly 1/18111 that of the estimate used for 
determination of risk from the tire shred leaching studies. ind icating this value is an 
overestimate, and thus risk from zinc is likely to be very low. Of the chemicals detected in 
the simulated gastric leachate. five were considered carcinogens by the State of California 
(arsenic. cadmium, cobalt, lead, aniline) and therefore theoretical excess cancer risk 
estimates were made. None presented an increased risk for cancer based on the dose 
estimate. and the cumulative cancer risk was 3.7 x 10·8

. This is well below the acceptable 
risk level of I o·6, as determined by the EPA, and is one-third of the estimate based on tire 
shred leaching values obtained from the literature. 

In estimating non-cancer and cancer risk based on literature studies and the gastric leaching 
experiment, the OEHHA used a conservative approach in determin ing bioavailability of the 
chemical following leaching. They assumed that I 00 percent of all of the chemicals were 
avai lable for uptake into the systemic circulation. Therefore, it is likely that cumulative risk 
estimates, while low, are actually overestimates of risk associated with ingestion of ground 
rubber. 

This study, while the best available for investigating the risk associated with ingestion of 
ground rubber, has been criticized by El-l H I(SO)_ Because some chemicals lacked criteria 
values for comparison, EHH I suggests the risk may actually be higher as it was not possible 
to assess risk from those chemicals. Furthermore, they criticize the use of an acute exposure 
estimate to estimate lifetime cancer ri sk. Recommendations for estimating soi l intake in 
children (which is assumed to be similar to intake of rubber) suggest that children may ingest 
up to I Og of soil one or two days per year. a behavior expected to discontinue as the child 
ages(SI). Supplemental chronic risk estimates based on a chi ld 's typical incidenta l ingestion 

2 Arsenic. cadmium, and lead are not expected to be present in native tire tread based on composition, but may 
become entrained in the tread mbber upon contact with the road surface and arc thus detectable in ground 
mbber from used tires. 
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rate of 100 mg/day, as prescribed by the U.S. EPA's Child-Specific Exposure Factors 
Handbook. indicate that regular exposure (e.g .. regular play on ground rubber filled athletic 
fields) to ground rubber for the length of one's chi ldhood does not increase risk of cancer 
above levels considered by the state of California to be de minimus (i.e. a lifetime excess 
cancer risk of I o-6) or pose a likelihood of non-cancer effects (i.e. hazard index less than 
one).<SIJ Consideration of additional exposure through adulthood (based on total child 
through adult-hood upper bound residential tenure of 30 years). indicates that chronic 
adverse health effects are unlikely under any scenario. (See Attachment II for risk 
calculations). 

Incidental ingestion following inhalation of non-respirable particulate also represents a 
possible exposure pathway. However, as this exposure scenario is likely to resu lt in little 
ingestion relative to the intentional ingestion scenario as described above, the associated risks 
wou ld be appreciably lower. In addition to the detailed Cali fornia assessment based on acute 
intake. the Norwegian health assessment concluded that chronic incidental ingestion of 0.5 to 
1 g/match ground rubber containing phthalates and alkyl phenols does not pose an elevated 
health risk<'>. Therefore, the Ca lifornia evaluation of acute exposures was reasonably health 
protective for this exposure scenario. 

5.1.1.2 Hand-to-Mouth Activity 

In order to estimate exposure to chemicals from ground rubber via hand-to-mouth activity, a 
wipe sampling study was initiated by the California OEI-!1-l/\. In this study, the OEHHA 
used rubber tiles made from recycled tire material (often ground rubber in a poured 
substrate). A steel weight was placed atop a w ipe and dragged across the rubber tile three 
times along the same 12 foot path. The wipe samples were then evaluated for chemical 
constituents. Five chemicals were detected at levels above background: zinc. and four PAl-ls 
(chryscne. nuoranthene, phenanthrene, and pyrene). In order to estimate oral exposure via 
hand-to-mouth activity. several factors need to be considered: surface area of body in contact 
with playground surface; frequency of hand-to-playground contact; frequency of hand-to
mouth activity; efficiency of chemical transfer from hand to mouth; and frequency of 
playground use. Using previously established values for these variables<SJ-S9>. estimations of 
oral exposure via hand-to-mouth activity were derived for those five chemicals detected 
above background levels and risk assessed. For non-cancer effects. screening criteria values 
were several fo ld higher than ingested dose estimates, indicating a low risk from oral 
exposure via hand-to-mouth activity. Estimation of carcinogenic risk for those chemicals 
identified as carcinogens (chrysene only) resu lted in a cancer risk of 2.9 x I o·6. As a note, 
chrysene was on ly detected in the wipe survey from a playground that used a bottom layer of 
recycled tire and top layers of EPDM rubber (ethylene propylene diene monomer rubber). 
Chrysene was not found in the wipe survey of a playground surface that only used recycled 
tire material. Therefore. any increased risk associated with exposure to chrysene via hand-to
mouth activity at playgrounds is not attributable to the use of ground rubber from recycled 
tires in poured rubber applications. 
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5. / .1.3 Leaching into Drinking Water 

While most stud ies evaluating the leaching of chemica l constituents into water sources have 
focused on impact on ecological systems, a few have addressed the issue of whether leaching 
of recycled tire material may impact drinking water. and thus present a human health ri sk. 
Of these studies, most focus on civil engineering applications of tire material. such as use in 
soil absorption systems or roadside leaching fields. While the physical characteristics of the 
shreds used in these applications are very different from that of ground rubber, the abi lity of 
chemicals to be extracted by water is likely to remain similar, as the compositions of ground 
rubber and shreds arc similar. Only the National Institute for Public Health and the 
Environment (RlVM) in the Netherl ands has evaluated the potential for leaching from 
artificial turf fields using ground rubber inti!! to impact drinking water. 

The RlVM study, which focused on zinc loading into water and soil from the use of ground 
rubber in artificial turfs. suggested that the ri sk to human health from zinc leaching will be 
negligible as concentrations of zinc in groundwater should fall well below drinking water 
standards for zinc<45>. Analyses of the impact of the use of tire shreds in civil engineering 
applications on groundwater concentrations of metals and other contaminants have 
conflicting conclusions. In field studies performed by the Minnesota Oepar1ment of 
Transportation. drinking water standards were exceeded for barium, cadmium, chromium, 
lead, and PAI-ls, where as a similar study from the Wisconsin Department of Transportation 
only found exceedances for lead and barium<60

· 
61

' . However. these studies have been 
criticized for not maintaining proper controls<62>. A well controlled study from the University 
of Maine indicated that primary drinking water standards (health protective) for metals were 
not exceeded due to the use of tire shreds, while secondary standards fo r iron and manganese 
(based on aesthetics) were exceeded<63>. Humphrey et al. were unable to detect VOCs and 
SVOCs in groundwater below tire shred applications, and thus concluded that tire shreds 
have a negligible impact on groundwater qua lity at neutral pl-1<64>. Based on these studies, it 
is unl ikely that leaching of recycled tire materia l wi II represent a health risk for humans from 
ingestion of drinking water due to use in ath letic fields, civil engineering appl ications, or 
other applications. 

5. /.1.-1 Other potentially Relevant Studies 

A study conducted by the Danish Ministry of the Environment assessed health risks 
associated with play in sandpits lined with used tires<35). Migration studies were performed 
to determine what chemicals moved from the tire rubber into the sand, and thus were 
ava ilable for intake through ingestion of sand by children. Several PAl-l s and 
phenylenediamines (used as antioxidants in tires) were detected in the sand, although it was 
noted that the PAH profile was not identical to that in the tires and was considered to 
originate from atmospheric deposition from alternative sources of PAI-l s. Nonetheless. a risk 
assessment (using MOS approach) was conducted based on ingestion of I Og of sand, fi ve 
times a week for half a year. It was assumed that I 00 percent of the substances in the sand 
were able to be absorbed into the body upon ingestion. Margins of safety for ingestion from 
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chemicals detected in the sand (tluoranthene; 6PPD; IPPD; pyrene; benzo(a)pyrene;) ranged 
from I 0.000 to greater than 1.000,000, indicating there is a very low likelihood of risk to 
children from ingestion of sand in tire-lined sand boxes. While this study evaluates the 
health risk associated with whole tires used in playground applications, it is not without 
relevance when understanding the ri sks associated with ground rubber from recycled tires 
used in playground applications. When normalized by surface area, both whole tires and 
ground rubber wil l contain similar chemica l profiles, and thus migration of these chemicals 
from the rubber matrix into sand or other surrounding media (e.g., soil) would be similar. 

5.1. 1.5 Conclusions About Oral S!Udies 

Collectively, studies evaluating endpoints in both children and adults indicate that there is 
low risk associated with the use of recycled tires in playgrounds or ath letic fields to human 
health from oral exposure pathways. Such pathways include inc idental or intentional 
ingestion of ground rubber. hand-to-mouth activity in children following contact with 
rubberized surfaces, and drinking of contaminated water. Other re levant studies evaluating 
safety associated with alternative tire uses in playgrounds supports this conclusion. 

5.1.2 Inha lation Exposure to Ground rubber 

Another potential pathway for exposure to ground rubber is inhalation, including chemicals 
off-gassing from the surfaces (playground. artificial turf fields. etc.) and inhalation of 
particulate matter (and subsequent chemical exposure via interaction in lung) entrained in the 
ground rubber product. 

5.1.2.1 VOCs 

As suggested by EHHI. one of the primary concerns associated with the use of ground rubber 
is the potential for volatile organic compounds (VOCs), and possibly semi-volatile organic 
compounds (SYOCs) to off-gas, especia lly with the high temperatures that rubber-containing 
surfaces can ach ieve in outdoor environments(SOJ_ In support of this argument, EH HI cites a 
study conducted by the Connecticut Agricultural Experimenta l Station that evaluated the 
chemical composition of the head space above 0.25g of ground rubber in a 2 mL bottle 
heated to 60 oc.C46l Four chemicals were identified in the headspace: bcnzothiazole, 
butylated hydroxyanisole, n-hexadecane, and 4-t-octyl-phenol. 

EHHI suggests that much of the toxicity data regarding these four chemicals is lacking. 
Furthermore, they identified butylated hydroxyanisole as a recognized carcinogencso)_ 
Butylated hydroxyanisole is recognized as a carcinogen by the NIH and IARC(3S. 65

l. 
However, of those carcinogenicity studies performed in animals with butylated 
hydroxyanisole, only those utilizing an oral treatment regimen have resulted in tumor 
formation. Tumors are limited to the stomach or forestomach(65

l. Route of administration is 
often an important consideration in mechanism of carcinogenesis (e.g. chromium), and in the 
absence of a connection between inhalation of butylated hydroxyanisole and cancer, the 
implication by EHHI that the detection of butylated hydroxyanisole in the head-space above 
ground rubber presents a cancer risk is unfounded. 
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The study conducted by the Connecticut Agricultural Experimental Station lacks a defined 
relationship between the findings and exposure to a human receptor population. In defining 
risk from inhalation (or any other exposure pathway), it is necessary to base risk estimates on 
likely air concentrations in an exposure scenario (such as at a playground or athletic field that 
uses ground rubber). A few organ izations have measured air concentrations of YOCs under 
real-world conditions in order to more accurately predict risk based on off-gassing from 
ground rubber. Both the Environmental French Agency (ADEME) and the orwegian 
Institute of Public Health and the Radium Hospital ( .. Norwegian study") investigated YOC 
concentrations above artificial turf fields<4· 5l. 

In the ADEME study, miniaturized artificia l turf fields were built and mainta ined at a 
constant temperature (23 ± 2 °C){4

). Samples were co llected in the airspace at day 0, day I , 
day 3, and day 28 and analyzed for VOCs and aldehyde emissions (including fo rmaldehyde). 
Total VOCs at day 0 were approximately 1600 pg/m3

. but decreased to 134 pg/m3 by day 28, 
indicating an appreciable decrease in total VOCs over time. This data was subsequently used 
in an exposure assessment which modeled exposure during fie ld installation or athletic 
activity on the indoor field. Of the 112 substances identified in the samples, quantitative 
exposure estimates and health risks were ca lcu lated for 16 (based on avai lab le toxicity 
criteria). Four population groups were identified (workers installing surfaces; professional 
ath letes/coaches; amateur athl etes; spectators at sporting events) and both acute and chronic 
exposure scenarios cons idered. The authors concluded that based on these exposure 
scenarios, YOC and a ldehyde emissions from artificia l turf floorings do not pose a health risk 
in any of the exposure groups. with the exception of workers installing artificial surfaces in 
small and poorly ventilated areas. 

In the orwegian study, air samples were collected at three indoor artificial turf fields, two of 
which (Manglerudden and Valhall) used recycled tire rubber and SBR rubber, respectively, 
for infill(5l. ln Manglerudden, 234 chemical compounds were detected. of wh ich 29 were 
able to be identifi ed. Total VOC concentration was 716 p.g/m3

. During a second sampling 
period, total VOC concentrations were 230 ~tg/m3 . In Va lha ll , mean tota l YOC 
concentrations were 234 pg/m3

. In estimating risk, VOC concentrations from Valhall were 
used in order to establish a worst-case scenario, as chemical concentrations at this location 
were consistently two to three times higher when compared to the other locations. Exposure 
estimates and risk were calculated for four exposure scenarios: adults, juniors. older 
children, and children using the facility fo r training. Risk from acute exposure was 
determined to be negligible. While risk cannot be estimated based on total VOCs. risk can be 
determined for specia ted VOCs with toxic ity criteria for inhalation (toluene; benzene; 
benzo ic acid ; xy lenes; styrene; formaldehyde; limonene; benzothiazo le). Margins of safety 
based on non-cancer NOA ELs for a ll of these chemicals, with the exception of 
formaldehyde, exceed I 00, and in most cases are greater than 1 0,000 for al l exposure 
scenarios. Only benzene was considered for carcinogenic risk, a lthough that too was within 
the range of acceptable ri sk. 

Whi le the authors from both of these studies consider the indoor scenario a ·'worst case .. 
scenario. neither of these stud ies considered temperature variation in the field. In fact, in the 
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ADEME study, a temperature-controlled scena rio was employed. As such, conclusions from 
these studies have been criticized by EHHI. Volatilization of chemicals is a temperature
dependent process, and surface temperatures at outdoor fields may reach as high as 160 °F. 
However, surface temperatures of this magnitude are not particularly remarkable as aspha lt. 
which is another common surface used for recreational purposes such as basketball courts, 
also achieves similar maximum temperatures'66

l. Although chemical emission rates increase 
with temperature. the increase in volatile organic emissions from rubber is much less than 
that implied by theoretical vapor pressure relationships. The reason for the di screpancy is 
that as the ground rubber surface is depleted of YOCs, subsequent emissions are limited by 
the s low rate of chemica l diffus ion to the surface o f the rubber. This process is much less 
dependent upon temperature than so lid to vapor phase partitioning equilibrium. For example, 
over a temperature range o f 67 to 160 °F, the vapo r pressure of benzothiazole increases by a 
factor of almost 40(67>. However, based on a study of a synthetic rubber ath letic track, total 
YOC emissions arc estimated to increase by a factor of only 2 over the same range based on 
a curve fitted to field flux chamber measurements<68l. 

The rolled sheets used in the synthetic rubber track are expected to have a similar 
temperature-emission profi le as ground rubber. Therefore, dilution in the outdoor 
environment as well as source depletion from the surface of the ground rubber appreciably 
reduces the likelihood of YOC emissions posing a hazard . The Norwegian and ADEME 
indoor studies are clearly representative of worst case inhalation exposure concentrations, as 
the increased dilution outdoors is expected to be many times more important than the 
increase in emission rates with temperature. 1\t one of the Norwegian fie lds, it was 
specifically noted that natural ventilation (i.e. open wi ndows and hatches) was employed. 
Had mechanical ventilation been employed. it is likely exposure concentrations would have 
been lower. Another important observation is that outdoor emission rates are expected to 
decrease appreciably with age of the field due to surface depletion of the volatile chemica ls, 
as shown in the synthetic rubber track and ADEME studies. A research plan including 
assessment of surface temperature being considered by the California Integrated Waste 
Management Board will be helpful in confirming thi s conclusion<69l. 

Total YOC levels detected in these two studies fa ll with in the range of other indoor a ir 
spaces. In a study investigating YOC concentrations in 750 homes in the United States. 
Wallace et al. detected total YOC levels exceeding I 000 )lgl m3 in more than half of the 
homes.<?O) Similar findings were reported in a study measuring total YOCs in newly 
manufactured and s ite-bui lt homes in the u.s.P'l. A similar study of home environments in 
Germany detected a geometric mean total YOC concentration of 584 ~tg/m3 

(7ll_ However, in 
the Norwegian study, it was concluded that rubber granulate was an important contributor to 
the total VOCs in the ha ll<5>. Therefore, wh ile the total YOC levels in these buildings may be 
comparable to other indoor environments, the chemica l makeup of the YOC mixture is I ike ly 
to be different. Furthermore, sports arenas, such as those evaluated in this study, are subject 
to more demanding requirements for ventilation than are homes, and comparisons to homes 
or other indoor air spaces may not be appropriate. 

To date there have been no studies evaluating YOC emissions from outdoor turf fields or 
playgrounds using ground rubber surfaces. However. the State of Californ ia, in their next 
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phase of research, plans to measure VOC concentrations above outdoor turf fields and the 
influence of ambient temperature on these concentrations<69>. Chang et al. measured 
emissions of VOCs at breathing height from ath letic tracks made of synthetic rubber, and 
evaluated impact of temperature and aging on VOC emiss ions<68>. Hexanal, 2-methyl furan, 
toluene+ octane, and methyl isobutyl ketone (M IBK) were the dominant compounds emitted 
from the synthetic rubber track. MIBK was unique to the synthetic rubber track, in 
comparison to those tracks using polyurethane based surfaces. With aging of the track, VOC 
emissions decreased. Emissions did not vary substantially by temperature, especially in 
comparison to track age. While the rubberized surface in this study is not ground rubber 
(a lthough it may be made of poured ground rubber), this is the only study ava ilable which 
evaluates outdoor VOC concentrations associated with synthetic rubber athletic surfaces and 
may provide a useful surrogate for understanding the emissions from athletic surfaces and 
playgrounds in the absence of data from these applications of ground rubber. No exposure 
estimates or risk calculations were determined based on results from this study. However, 
total VOC concentration at breathing height above the track was 0.39 )lg/m3

. This is several 
orders of magnitude lower than detected in the indoor scenario, which based on the exposure 
scenarios used in the ADEME and Norwegian studies. did not pose any risk to human health. 

In summary, VOC emissions from rubberized surfaces in ath letic fields or playgrounds are 
unlikely to pose a human health risk based on the available data. The authors of the 
Norwegian study note that absence of toxicity criteria for some of the chemicals detected 
does not mean these chemicals cannot constitute a health risk, but that rather, based on 
currently available data. no cause for concern based on VOC emissions ex ists. 

5.1.2.2 Particulate 

Particulate matter. including airborne dust. is generated in all indoor and outdoor 
environments from a variety of sources such as agriculture, power plants. industrial faci lities, 
on-road and off-road vehic les and forest fires<73>. Part iculate matter is a complex mixture of 
solid inorganic and semivolatile organic chemicals and aqueous materials and is found in a 
range of sizes described by an aerodynamic diameter. Examples of particulate matter are 
soot, smoke, elemental and organic carbon, nitrates, sulfates, acids, bacteria. fungi , spores, 
pollen, dust, and tire wear materials. Fine particles less than one to three )lm in diameter 
generally originate from combustion sources or precursor gases whereas larger coarse 
particles are considered primary particles emitted directly from specific sources<73>. Fine 
particles are generally not derived from primary particles due to the amount of energy that 
would be required to generate such fine particles from larger pieces of rubber. In each 
environment the levels of particulates are influenced by the level of air dispersion or 
ventilation, the rate of particle release or suspension and the physical configuration of the 
space or area. With regard to potential human risk. health scienti sts assess both the bulk 
physical characteristics of the particles (i.e. total mass, surface roughness and geometry of 
inhaled particulate) as well as the particulate phase chemical composition (i.e. concentrations 
of individual chemicals). 

Although validated relationships between specific sources of particulate matter in outdoor 
ambient air and hea lth outcomes are not avai lable, long term exposure to fine and coarse 
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particulate matter is associated with death in older adults with cardiopulmonary disease<73
-
75>. 

However, the mechanisms relating the characteristics of particulate matter to specific health 
effects are poorly understood. Research suggests that chemical composition is a minor 
contributor to particulate matter toxicity because similar dose-response re lationships are 
observed across the world and a wide range of particulate compositions<76>. Proposed fine 
particle respiratory damage mechanisms include penetration and accumulation in the 
interstitial spaces of the lungs. tissue damage by aggressive chemicals such as acids and 
catalytic effects and oxidant formation attributable to trace metals within the lungs<77. 78>. 
Consistent with this research. systemic toxicity (i.e. whole body) attributed to trace inorganic 
or organic compounds found within particulate matter is expected to be low. In outdoor 
settings, the U.S. EPA generally considers evaluations of the soi l direct contact pathway to 
be protective of fugitive dust inhalation exposures, as soil screening levels are typica lly 
several orders of magnitude lower (i.e. more stringent) for the oral route versus the inhalation 
rate<79>. With the exception of hexavalent chromium, routine evaluation of residential or 
commercial/industrial fugitive dust exposure is not recommended unless unusual heavy truck 
traffic or annual average wind speeds well above national averages arc expected. Therefore, 
individual chemical risks attributable to airborne ground rubber are expected to be low. With 
respect to ground rubber recreational field installations. limited airborne particulate data are 
available, but upper bound total mass and individual chemical particulate exposures can be 
assessed using data collected at indoor Norwegian artificial turf fields (addressed below)<5>. 

5.1.2.2.1 Total Respirable Airborne Particulate Exposure 

Two characteristics of ground rubber are likely to limit the magnitude of fine particle or 
airborne dust release and subsequent exposure. First. during rubber recycling. fiber and dust 
removal is typically accomplished using air classifiers or other equipment<?. 15

• 
16>. Second, 

foot traffic is unlikely to generate appreciable quantities of new particulates during field use 
due to the high amount of energy that would be required to generate small respirable 
particles<13>. However, it is unknown the degree to which coarse and fine particles created or 
entrained are removed in processing of recycled rubber. In two ambient scrap-tire shredding 
fac il ities located in France and Taiwan, ambient levels of respirable dust were 230 to 1250 
~tg/m3 indicating the potential for particle generation during processing<15>. Regardless of 
the underlying particulate content of the ground rubber. turbulent air dispersion in outdoor 
settings and precipitation wash-off are expected to appreciably attenuate on-field particulate 
concentrations relati ve to indoor settings. For sett led dust. the two primary resuspension 
processes in air are abrasion of surfaces by applied mechanical force by foot traffic. wheels 
or other implements and dust particle entrainment by turbulent air currents at high wind 
speeds (i .e. greater than 12 mph)(SO)_ Based on a review of the literature and a simple 
screening calculation, the primary resuspension process for ground rubber particles used in 
fields or playgrounds appears to be surface disturbance by foot traffic<5• 

80>. 

In air. tota l suspended particulate matter (PM) is defined as aggregated molecules or particles 
which typically range in aerodynamic diameter from 0.0 I to 100 J..Lm (one micrometer is one 
millionth of a meter). For health assessment. the operational definition (i.e. indicator) of 
particulate matter is typically based on the cut-point of 50 percent collection efficiency for a 
sampler that contains a size fractionator. The common metrics include PM 1o based on an 
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aerodynamic diameter cutpoint of 10 Jlm. PM2 5 based on an aerodynamic cutpoint diameter 
of2.5 Jlm and PM10.2.5 representing the difference between the two size fractions. 

Particles are considered to be thoracic if they penetrate anywhere within the lung a irways or 
gas exchange region, whereas particles are considered to be respirable if they deposit 
exclusively in the gas-exchange or pulmonary region of the deep lung. Particles greater than 
I 00 ~m1 are too large to remain suspended in air, whereas partic les larger than I 0 Jlm are not 
considered to be respirable. as they are not deposited on the non-ciliated portion of the lungs. 
Particles less than I 0 Jlm are characterized by slow gravitational settling velocities which in 
the presence of air turbulence impede the rate of settling back to the ground after initial 
release. Therefore, pulmonary risk is primarily attributed to particles with characteristic 
aerodynamic diameters less than I 0 Jlm. Particles with diameters between 2.5 and I 0 Jlm 
accumulate in the lung and are considered coarse particles and regu lated in the United States 
based on acute risk<81l. Particles with diameters less than 2.5 ~lm. or PM 2 5• are considered 
fine particles. and considered to pose greater health risk than PM 10 due to their ability to 
penetrate deeper into the lung and are regulated based on both chronic and acute health 
risk<81>. Epidemiological studies have shown associations between ambient particulate 
concentrations and adverse hea lth indicators such as increased mortal ity and chronic 
respiratory di sease or secondary cardiovascular effects(73

.
75>. 

For open sources, such as dirt roads or playing fie lds. fugitive dust is generated when 
mechanical disturbances suspend granular materia l exposed to the atmosphere<80>. Data 
regarding outdoor emissions of particulate from ground rubber playing surfaces was not 
identified in the literature. However, using a simple "unlimited reservoir'' model which 
assumes that wind erosion suspends an un limited reservoir of erodible particles from an 
unobstructed open field or playing surface with a nominal grain diameter of 3-mm 
(Attachment 1). the estimated PM 10 and PM2 5 concentrations from wind erosion are unlikely 
to exceed 0. 1 flg/m3<79

· 
82>. 

In contrast to the low particulate levels generated by wind eros ion, the authors of a study of 
three indoor Norwegian turf halls concluded that fine particu late associated with ground 
rubber with a nominal diameter of approximately 3 to 4 mm may be readily suspended by 
regular field use<5>. The study assessed two fields constructed with ground rubber infill 
derived from recycled tires including a newly installed field and a field approximately one 
year old. The source of the airborne particulate is likely to have been resuspension of 
existing fine and coarse particles by the mechanical force generated by use and maintenance 
of the field. In contrast to outdoor settings, air dispersion and dilution in indoor settings is 
limited by mechanical venti lation rates or natura l ventilation induced by infiltration or open 
doors and windows. Additionally. particle washoff by precipitation is likely to reduce 
outdoor particle levels on the field over time. Therefore. particulate levels of ground rubber 
caused by disturbance of the field are likely be on average at least an order of magnitude 
lower in outdoor settings. 

Measured air concentrations of PM 10 in the indoor fields containing ground rubber from 
recyc led tire treads ranged from 30 to 40 ~lg/m3 and PM2 5 concentrations ranged from 17 to 
18 Jlg/m3

. Based on the use of N-cyclohexyl-2-benzothiazolamine (NCBA) as a marker. the 
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portion of PM 10 specific to ground rubber was approximately 9 )..lg/m3
, or 23 to 30 percent of 

total PM 10. For the PM25 fraction, the concentration attributable to ground rubber was 7 to 9 
)..lg/m3 or 35 to 50 percent of total PM2.5. The total indoor particulate concentrations were 
similar to levels measured in other urban indoor settings. For example, a recent survey of 17 
Los Angeles homes and residents found indoor and personal PM2.s concentrations of 17.6 
and 17.7 )..lg/m3

, respectiveiY'83>. A survey of particulate levels in offices and schools found 
geometric mean PM2 s concentrations of 8 )..lg/m3 (offices) to 13 )..lg/m3 (schoolsi84>. 
Geometric mean PM 10 concentrations were between 12 )..lg/m3 (offices) to 46 )..lg/m3 

(schools). 

NCBA is an impurity of one of the most frequently used accelerators in the tire industry and 
is considered have reasonable reproduc ibi lity when used as a marker but its quantification 
requires a complex ana lytical method<85

• 
86>. In comparison to the indoor fields, 7.5 percent of 

PM 10 at an urban Switzerland curb side sampling location was attributed to tire wear particles 
using the same NCBA marker<87>. The fraction of PM 1o attributed to tire wear partic les was 2 
percent at an urban background site. The levels of PM10 attributable to ground rubber 
measured at the Norwegian fields appear to be similar in magnitude levels attributed in 
ambient air near roadways or tunnels. Based on a variety of markers, typical ambient tire 
wear particle concentrations of PM 10 or total suspended particulate are 2-5 ~tg/m3 for 
roadways and I 0-20 )..lg/m3 for tunnels.<&?) Research to date has shown a highly variable 
distribution between fine (< 2.5 )..lm) and coarse (>7 )..lm) in airborne roadside tire wear 
particles<87>. 

The U.S. EPA has established standards for PM 10 and PM2.5 wh ich are protective of human 
health including sensitive subpopulations such as children<88l. With regard to assessing 
indoor air quality. the American Society of Heating Refrigeration and Air-Conditioning 
Engineers standards (ASH RAE 62.1-2007) adopt the U.S. EPA ·s Nationa l Ambient Air 
Quality Standards as one of the appropriate evaluation metrics, including the PM 10 and PM2.5 
standards. The PM 10 standard is a 24-hour average of 150 )..lg/m3and the corresponding 24-
hour PM2.5 standard is 35 ~tg/m3 . In addition, an annual average PM2.5 standard of 15 ~tg/m3 

has been established (3-year average of weighted annual mean). The particulate levels 
measured at these fields are specific to the ventilation conditions and pre-existing tine 
particle content of the ground rubber. Although detailed information regarding ventilation 
was not provided. the authors indicated that ventilation was induced by opening 8 roof 
hatches and 16 windows at one of the fields. Based on the observed maximum ground 
rubber PM 10 and PM2 5 concentrations of 9 J..lg/m3

, indoor installations of ground rubber are 
unlikely to result in exceedances of the 24-hour EPA standard for PM2.s and PM w when 
fields are venti lated in accordance with recommended design standards and background 
outdoor ambient particulate concentrations comply with the standard. 

For short term exposure such as athletic field usage, the 24-hour PM25 standard is the best 
metric by which to assess potential health effects. However, in order to also qua litative ly 
evaluate the chronic PM2 5 exposure, an annual average PM2.5 exposure concentration was 
calculated based on the maximum portion of indoor PM2 5 attributab le to ground rubber of 9 
)..lg/m3 and adjustments to account for less than 24 hour exposure time and higher inhalation 
rate during vigorous activity. The exposure time adjustment is based on worst case 
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assumption of indoor field use for 2 hours per day. 5 days per week for 25 weeks per year or 
(2 hours x 5 days/week x 25 weeks/year) I (24 hours x 7 days/week x 50 weeks/year) = 
0.028. The inhalation rate adjustment factor accounts for higher inhalation rate during fie ld 
usage and was set equal to the heavy activity adult short term inhalation rate of 3.2 m3/hour 
divided by the average male and female long term inhalation rate of 0.55 m3/hour, equal to 
5.8. Therefore, the worst case adjusted annual average PM2.s concentration attributable to 
field use would be 9 J.lg/m3 x 0.028 annual field hours/total annual hours x 5.8 vigorous 
activity inhalation rate/ long term inhalation rate. or 1.5 J.lg/m3

• or I 0 percent of the chronic 
U.S. PM2 5 standard. Accordingly, indoor field contain ing ground rubber arc unlikely to 
result in personal exposure exceedances of the annual average PM2.s standard when fields are 
ventilated in accordance with recommended design standards and background outdoor 
ambient particulate concentrations comply with the standard. Particulate exposure to ground 
rubber at outdoor fie lds is expected to be at least an order of magnitude lower than indoor 
settings. 

Although the levels of fine and course particulate generated at ground rubber fie lds is not 
likely to pose a health concern, more study is required to eva luate outdoor fields and to 
assess variability in particulate generation rates between indoor and outdoor fie lds. Given 
that PM2.5 and PM 10 are ubiqu itous in the atmosphere, the characterization of background 
levels and use of rubber tracer molecules to assess the fraction of particulate matter generated 
from the field are key considerations for future studies. Additionally, for fie lds situated near 
high density traffic areas. an important consideration is the rubber contribution from tire wear 
particles versus ground rubber from the field. On April 22, 2008, the California Integrated 
Waste Management Board presented a draft scope of work to perform volati le organic 
chemical and inhalable rubber particulate (PM2.5) sampling to assess ex~osure potential and 
study the influence of temperature and intensity of field disturbance( 9>. This study will 
provide useful supplemental data on particulate concentrations and human exposure for fields 
using ground rubber. 

5.1.2.2.2 Particulate Phase Chemical Exposure 

For ambient conditions, particulate phase chemical exposures are typically low, with 
potential human risk several orders of magnitude lower than potential incidental oral 
ingestion or dermal risk(79>. The authors of the Norwegian artificial field study assessed 
several particulate exposure scenarios including adults, juniors and children. Dose was 
calculated based on concentration in the rubber granulate and the PM 1o concentration (PCBs, 
PAHs, phthalates, alkyl phenols) and based on the measured air concentration (PAHs and 
phthalates). As expected based on past experience, daily chemical uptakes were low. For 
example. a worst case daily phthalate uptake of 47,000 pg/kg resulted in child and adult 
scenario margins of safety of 23.000 to 80.000. For all chemical classes assessed, it was 
concluded that the chemical compounds present did not pose an elevated health ri sk. 

In addition to the compounds qua litatively assessed, ground rubber dusts contain a complex 
mixture of various inorganic and organic compounds, such as benzothiazoles, aromatic 
amines and unidentified compounds. Therefore, the potential respiratory risk of the entire 
ground rubber particle must also be assessed. One relevant animal study has been identified 
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where rubber tread particulate mammalian toxicity was assessed using rats exposed in a 
whole body inhalation chamber<89>. This study was origina lly published in Japanese but has 
been translated to English. Four groups of animals were exposed to 0, I 00, 300 and I ,000 
~Lg/m3 of particulate generated from studded tire tread and was sacrificed at one or 1.5 years. 
Dose dependent accumulation of rubber particulate in the lungs and lymph node was 
observed with increasing concentrations of si lica and aluminum. No re lationship was 
observed between animal survival and concentration or duration of exposure. Mild fibrosis 
was observed in the lungs at the I 000 ~Lg/m 3 dose group. but not in the controls. Exposure 
related tumors were not observed. 

The rodent no observed effect level (NOAEL) for this study was 300 ~g/m3 . In order to 
estimate a margin of safety based on the NOAEL from this study, a human equivalent 
concentration must be extrapolated from the rat-based NOAEL in order to account for 
differences in respiratory system dynamics between humans and rats. Using the RDDR 
program provided with the RfC guidelines developed by the EPA, a dosimetric adjustment 
factor of 1.5 was determined to convert the rat OAEL for the particle distribution used in 
this study (MMAD = 2.3 ~m. crd= 1.6)<89

· 
90>. Therefore. the human equivalent chronic 

NOAEL based on the results of this study is 450 ~g/m3. 

Based on the quantitative chemical assessment described above, the risk of systemic toxicity 
is expected to be low. The maximum concentration of rubber PM2.s and PM 10 of 9 ~g/m3 

observed in the indoor Norwegian study is a factor of 50-times lower than the human 
equivalent NOAEL based on the mammalian study. Using the same upper bound exposure 
parameters from above. including the heavy activity inhalation rate and indoor field use for 2 
hours per day. 5 days per week fo r 25 weeks per year. the corresponding margin of exposure. 
or human NOAEL divided by dose, is 460. Margins of exposure greater than I 00 typically 
indicate an acceptable level of exposure and low level of health concern<91>. It should be 
noted there are some limitations to this study including a lack of systemic toxicity evaluation 
and use of particulate generated only from snow tires. Another uncertainty of this approach 
is the use of rodent study based on tire wear particulate as a surrogate for exposure to trace 
particulate present in bulk recycled tire rubber. Add itional in vivo (i.e. living organism) 
whole particle animal toxic ity tests would be useful in supplementing the findings of this 
study. 

5.1.2.2.3 Natural Rubber Allergy and Asthma from Particulate Inhalation 

One of the concerns with regard to exposure to rubber-containing particulate is the risk for 
the development of natural rubber allergy and associated asthma. Natural rubber contains 
~roteins thought to induce allergy or hypersensitivity to natural rubber-containing products<92

• 
3>. Therefore, there is a concern due to the severity of natural rubber allergies that exposure 

to recycled tire material may lead to natural rubber al lergy, and in the case of inhaled natural 
rubber-containing particles, asthma. While a recent publication indicates that exposure to 
particles in ambient air (from traffic sources) does not pose an asthma risk from exposure to 
natural rubber associated proteins from tire tread <9~ >. this question has not been formally 
addressed v ith respect to the use of ground rubber from whole tires. Approx imately 20 
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percent of tire treads produced contain natural rubber (primarily in the truck market/92>, and 
natural rubber is a constituent of both passenger and truck tire casings<33>. 

For natural rubber products, the induction of Type I (immediate hypersensitivity) al lergic 
response is mediated by the human lgE antibody. The potential to induce allergy in 
sensitized and non-sensitized populations is dependent on the level of natural rubber protein 
antigens in a product. typically assessed using an in vitro lgE binding assay or in vivo skin 
prick test. With regard to the Type I allergic responses associated with the specific proteins 
in natural rubber<9-l>. it is important to evaluate the two main types of natural rubber products 
used in the manufacture of products. Products based on solid natural rubber, such as tires or 
footwear are processed differently than more elastic products based on untreated natural 
rubber latex (NRL), such as surgical gloves or ba lloons. The production of treated solid, or 
bale natural rubber, requires intensive heating which decreases the levels of proteins by 
several orders of magnitude and the chemical additives used further decrease the 
bioavailability of the remaining protein. In contrast. dipped products are based on raw 
natural rubber latex with little pre-treatment. retaining many of the antigenic proteins from 
the raw material when sufficient washing or chlorination treatments are not applied. For 
example. dry rubber and dipped rubber extracts tested using the in vitro lgE binding assay 
demonstrate that the levels of allergen were up to I 000 times lower in dry versus dipped 
products (Figure 2). As expected, dry rubber products do not elicit skin react ions when 
tested and are generally considered free of the protein allergy problems reported for dipped 
products<94>. 

F igure 2: Relative Q uantity of Extractable Allergens in Various Ru bber Products<95l 
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There is no evidence based on occupational exposures to dry rubber products to support the 
hypothesis that this form of rubber is a potent allergen. Fi rst, if the level of allergen in tire 
products were above a clin ically relevant threshold, it would be reasonable to expect a high 
incidence of natural rubber allergy in the tire industry, especially in tire retreading or 
processing where buffing and grind ing leads to airborne tire dust particulate. However, no 
such case reports or stud ies have been published in the literature<92l. Additionally, a natural 
rubber lgE reaction has not been found in a survey of 208 workers from 9 different rubber 
manufacturing companies in the Netherlands<92l. 

Tire tread particle extracts have been assessed for binding with serum lgE from latex
sensitive patients. Miguel et al. measured the natural rubber latex (NLR) allergens in rad ial 
tires, truck tires, and recap waste treads from truck tires at leve ls of 3.48, 1.31 and 0.6 )lg 
protein/g tire tread respectivel/48>. Based on th is data and a No-Adverse Effect Level of 55 
to I 00 ng/m3 determined from a controlled study in latex-sensitive populat ion<96>. Finley et al. 
concluded that the weight of evidence indicates that natural rubber in tire particulates are not 
a significant contributor to asthma<94>. 

Of note is a recent EPA action under the Toxic Substances Control Act (TCSA), which 
denied a petition to prohibit use and distribution of natural rubber latex adhesives with a total 
protein content greater than 200 Jlg/g dry we ight based on ASTM D- 1 076-06<97>. In it's 
denial of the petition, EPA stated that a regulation requiring reduced protein content would 
be unlikely to reduce natural rubber allergy in the general population. The EPA also cited 
the governmental evaluation, including a June 2004 Consumer Product Safety Commission 
assessment that found the while many consumer products contain natural rubber, there are 
few documented cases of reaction to these products. Of the case reports showing an 
association. most were associated with medical products. EPA concluded that the CPSC 
evaluation suggests that risks associated with natural rubber are ·'relatively insubstantial"·. 

Exposure to allergens from the use of ground rubber in CRM asphalt is also unlikely. As 
suggested by Liu et at. any allergens that may be present in ground rubber are likely to 
remain in the pavement matrix<9>. The conclusion that ground rubber and other recycled ti re 
uses do not pose a threat to the development of natural rubber-associated allergies or 
respiratory disease. despite the presence natural rubber in tire compositions, is further 
supported by an absence of occupational natural rubber allergies in the tire industr/92). 

5.1.3 Dermal Exposure to Ground rubber 

Exposure to ground rubber through dermal contact may occur through the use of ground 
rubber in playground appl ications and ath letic fields. In addition to the concern of natural 
rubber allergy from the presence of natural rubber prote in in some tire formulati ons, some of 
the chemicals used in tire manufacturing are thought to induce allergic contact dermatitis.<98

) 

Furthermore, allergic contact dermatitis has been demonstrated in employees working in 
rubber manufacturing facilities<99>. As such. some argue that there is a potential for allergenic 
response via dermal contact to ground rubber<1001

• 
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The California OEHHA conducted a skin senstttzation test to evaluate the potential for 
allergic response due to dermal contact with rubberized playground surfaces(ll. In this study 
elicitation of an allergenic response in the guinea pig, (a standard model for identi fy ing 
human contact skin sensitizers) from exposure to materials (including ground rubber) used in 
playground surfaces was eva luated(to t). Test samples were applied to the animal's skin 
during three six-hour induction exposures each separated by one week. Following the 
induction exposure regimen, the animals were challenged with the test samples for six hours 
and evaluated 24 and 48 hours later for signs of erythema. A second challenge was initiated 
one week later. one of the rubber containing material. including the ground rubber, 
initiated an allergic response or indicated sensitization<1>. While this study was intended to 
evaluate the potential for development of allergy in response to the use of recycled tires in 
playground surfaces, it too is applicable to dermal contact with ground rubber used in athletic 
fields as both are similar products in terms of chemical composition and contact surface area 
(not particle surface area) would determine toxicity. 

In addition to contact allergy, Environment and Human Health. Inc. (EHHI) has raised 
concerns related to chemical leaching through skin from dermal contact with ground rubber 
as a potential mechanism of tox icit/ 50>. However, because the ground rubber is un likely to 
adhere, the prolonged contact required for uptake through the skin, wh ich provides a 
reasonable barrier to many chemicals, is not likely. As such. uptake of chemicals is unlikely 
to result in systemic toxicity from dermal contact with ground rubber. This is supported by 
work performed by the Norwegian Institute of Public Health that evaluated the potential for 
dermal uptake of PCBs, PAHs, phthalates, and alkyl phenols from skin contact with rubber 
particles from artificia l turf fields.<5> In th is analys is, I OOg of rubber were leached in I L of 
water over 48 hours in order to determine what is extractable from the rubber matrix. From 
this experiment, they determined that the leaching potential for PCBs, PAHs, phthalates, and 
alkyl phenols are 0.8 X I 0"6 percent. l X I 0"6 percent. 30 X I o·6 percent, and 5 X I 0"6 percent. 
respectively. Using the leaching potential and assuming I 00 percent uptake through skin 
absorption. the exposure estimates from dermal exposure to rubber granulate for adu lts, 
juniors, and children using ath letic fields employing ground rubber is very low (for all 
chronic exposure scenarios, dai ly intake is less than I 00 parts per trillion (ppt). These 
concentrations, while exceedingly low, assume I 00 percent of the chemical that can leach 
from the particle into aqueous so lution is able to be absorbed by the skin. Because the skin 
provides a natural barrier to absorption of chemical toxicants. I 00 percent bioavailability is 
unlikely in intact skin<102l. In the case of phthalates it is known that only 5 percent of the 
compound will be absorbed into the systemic circulation<5>. In fact, based on a biomarker 
study in soccer players exposed to " intensive skin contact'' wi th rubber infill . detection of 
biomarkers for PAHs was not increased over background, indicating that bioavailabi lity of 
these compounds is low via the dermal pathway(2). 

A similar study evaluating the potential fo r chemicals (PAlls and phenylenediamines) in 
sand originating from tire barriers (as used in sandpits) to migrate through the skin was 
conducted by the Danish Ministry for the Environment<35>. Four compounds (fluoranthene, 
pyrene. 6PPD, and IPPO) were able to migrate into artificial sweat from the sand. Based on 
these results. a risk assessment for exposure via thi s pathway was completed based on 200 
cm2 of exposed skin (ch ild"s thighs) and daily one hour exposure. Margins of safety for all 
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chemicals evaluated ranged from I 0,000 to greater than I ,000,000, indicating negligible ri sk 
from thi s exposure scenario. 

In summary, the results from these studies of dermal exposure indicate that the dermal 
pathway represents a low health risk from the use of recyc led rubber products in playgrounds 
or artificial turf fi elds. 
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5.1.4 Other Toxicity Studies Regarding Ground rubber 

In addition to the assessments described above, there are a few studies in the literature that 
investigate the impact of ground rubber on other endpoints of toxicity. Multiple researchers 
have investigated the potential for extracts from rubber materials to induce genetic changes 
in in vitro systems. Birkholz et al. performed an extraction of tire rubber with 
dichloromethane and evaluated mutagenicity of the pooled extract in Salmonella 
typhimurium with and without metabo lic activation with human S9 (pooled li ver enzyme 
fract ions). This assay is regularly used as a screening level genotoxicity test, and has become 
a standard component of mutagenicity testing battery.<IOJ) In none of the tests was the extract 
genotoxic to Salmonella<6>. Gualtieri et al. evaluated DNA damage to A549 cells, a human 
lung ce ll line, in response to tire debris organic extract (TDOE) using the Comet assay and 
detected a dose dependent increase in damage to the DNA.(I04

) However, the Comet assay as 
used is a non-specific DNA damage assay that is difficu lt to replicate, sensitive to physical 
changes in the environment, and does not provide specific information regard ing the 
mutagenic potentia l of the extract itself. 

In both of these studies, extracts were performed using dichloromethane, but the Gualtieri 
study utilized particulate ranging from I 0 to 80 ~tm, as th is study was intended to evaluate 
the potential for lung damage in response to inhalation of tire particulate. Therefore, wh ile 
the composition of the rubber products in each study (tire debris in Gualtieri and ground 
rubber in Birkholz) may be similar, the total surface area for extraction is much higher in the 
Gualtieri study allowing for greater quantity of the chemicals to be extracted. As a note, 
organic extraction does not represent a reasonable extraction method for mimicking lung 
exposure to humans. Rather, organic extraction allows for a worst case scenario in terms of 
exposure to organic constituents. Although several of the rubber compounding materials 
may be extractable using harsh solvents such as dichloromethane, few organic compounds 
can be extracted using water. Thus, genotoxicity screens using organic extracts must be 
viewed with caution, as relevance to human exposure scenarios is unclear and overestimation 
of genotoxic potential from organic constituents is likely. While the resu lts from these two 
studies appear to be contradictory, the dissimi larities in study approach and endpoints of 
interest make comparison between the studies difficu lt. Further research may be required to 
fully characterize the mutagenic potential associated with exposure to ground rubber. 

In a study of occupational exposures in scrap-tire shredding faci lities, airborne particulate 
collected in two scrap-tire shredding plants was subject to a mutagenicity screen in 
Salmonella<' 5>. The particulate was extracted using acetone, the extract analyzed for 
chemical composition and tested for mutagenicity with and without S9. The extracted 
chemicals did not exhibit mutagenic activity in any of the strains tested in the absence of S9. 
The addition of S9 increased frame-shift mutations, but not base-pair substitution mutations. 
Based on chemical structure and known mutagenic activity of compounds used in rubber 
manufacturing, vulcanization stabi lizers (and degradation products such as N-nitrosamines) 
and PAHs may contribute to the mutagenic potential of the particulate matter generated 
during scrap-tire shredding. The authors caution that without understanding the quantities of 
particulate generated and the ability of the body to absorb chemicals through the particulate, 
conclusions regarding the mutagenicity of these particles in vivo are premature. As 

29 July 17,2008 



suggested earlier. methodology utilizing organic extraction 1s not the best model for 
anticipating mutagenic effects in the human lung. In fact, organic extraction is likely to 
exaggerate the mutagenic potential of organ ic constituents, and therefore the findings from 
this study may not be relevant to human exposure scenarios. 

In response to a concern that artificial turf fields may increase Staphylococcus aureus 
infections, a compari son study was initiated at Penn State University to eva luate microbial 
populations in rubber-in fil led artificial turf fields versus natural grass fields. Total microbial 
numbers were lower in synthetic turf systems when compared to natural grass fields. 
Staphylococcus aureus was not found on any of the playing surfaces. One explanation 
offered is that the surface temperatures associated with rubber-infilled artificia l turf fields, 
which are much higher than natural grass fields, are not conducive to the growth of many 
infectious microbes, including S. aureus<23>. This find ing is somewhat contradictory to 
studies sug~esting that play on artificial turf surfaces may be a risk factor fo r the S. aureus 
infections<1 S- IO?>. However. artificial turf fields are more abrasive than natural grass fields, 
and as a resu lt, athletes arc more prone to epidermal injuries such as cuts or abrasions<25>. 
Therefore, transmission of microbes through locker room activities (towel or equipment 
sharing, for example) could result in a higher likel ihood of skin penetration and subsequent 
infection. 

5.2 IMPACTS ON THE ENVIRONMENT 

In considering the hazards associated with the use of ground rubber in commercial 
applications, such as playgrounds or ath letic fi elds. ecological endpoints are a necessary 
consideration. A standard aquatic toxic ity battery as recommended by the EPA includes 
evaluating lethality or growth inhibition in algae. invertebrates (often Daphnia magna or 
Ceriodaphnia dubia). and fish, although the approach for estimating aquatic toxicity of solids 
is not straightforward(IOS>. Other international regulatory bodies (OECD. Health Canada) 
employ similar recommendations, but sometimes use different test species. The method used 
in much of the existing literature addressing the toxicity of tire shreds. ground rubber, or 
other tire-related material (wear particles, etc.) includes using a leachate of the rubber 
product and treating the test species. 

Birkholz et al. leached 250g of both fresh and aged ground rubber from tires in one liter of 
water and treated bacteria (Vibrio jisheri). algae. microcrustaceans (Daphnia magna), and 
fish (Pimphales promelas) with the resulting leachate<6>. While leachates from the fresh 
ground rubber were toxic to all species investigated. aging of the ground rubber resulted in a 
nearly 60 percent reduction in toxicity. Further reduction in toxic ity occurred with the 
addition of nutrients. sewage seed, and five days of aeration. They conclude that while 
undiluted leachate from fresh tire rubber may pose a moderate threat to aquatic toxicity, 
environmental aging will attenuate this toxic ity such that the ri sk is not appreciable. Further, 
they state that surface runoff from playgrounds or athletic fields contain ing ground rubber is 
I ikely to be diluted by larger bodies of water (in which the aquatic species dwell), wh ich 
should eliminate the possibility that even fresh ground rubber is an ecologic hazard<6>. 
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Sheehan et al. evaluated the toxicity of samples (and serial dilutions thereof) collected from 
the aforementioned field study in Maine<63> to Ceriodaphnia dubia and Pimphales 
promelai 109>. It was noted, however, that the shreds used in the fie ld study contained 
exposed steel belts at the cut edges of the shreds. Metallic material from stee l belts is 
removed from ground rubber during production. Survival and reproductive capacity of C. 
dubia was negatively impacted by tire shreds placed below the water table over control, but 
not from that placed above the water table. Furthermore, it was expected that C.dubia 
toxicity would be reduced to that equivalent to background upon a 2- to 4-fold dilution of 
leachate. It was suggested that the demonstrated toxicity was related to the concentration of 
iron (and possibly other metal s). which are likely attributable to the presence of steel belting 
in the shreds. 

ADEME, in coordination with ALIAPUR and Fie ldturf Tarkett (a manufacturer of artificial 
turf field surfaces), assessed the environmental impact of the use of ground rubber in outdoor 
artificial turf fields<4>. In this study, ground rubber in filled artificial turf fie lds were built atop 
a lysimeter and water collection system and treated with simulated rain (one year of rainfall). 
Percolates were co llected weekly, combined, and analyzed at I, 2, 3, 6, 9, and II months. 
The percolates were then used to treat Daphnia magna and Pseudokirchneriella subcapitata 
(soft water algae). Results from this study indicate that these species were not affected by 
the percolates from the rubber-in filled artificial turf fields. 

The Laboratory of Ecologica l Risk Assessment in the Netherlands (RI VM) assessed leaching 
of zinc from rubber infilled artificial turf fie lds<45>. They estimated zinc loads in soil. 
groundwater and surface water based on leaching results from both laboratory and field 
experiments utilizing both fresh and aged ground rubber. Based on these studies, they 
conclude that zinc leaching (and thus load) increases with aging. The predicted zinc loads to 
each compartment were compared to environmental ri sk criteria for soil. groundwater and 
surface water and found to exceed these criteria in all three environmental compartments. 
indicating that. based on this study, the use of rubber-in filled artificial turf fields presents an 
ecological risk. To address the uncertainties in this analysis, RIVM recommends a series of 
studies to: investigate the impact of aging of rubber in constituent releases to the 
environment; monitor drainage water from artificial turf fie lds uti lizing rubber as an infill 
component; perform bioassays with drainage water; and to construct a miniaturized artificial 
turf field with a lysimeter to provide insight on emission and mobility of zinc under actual 
field conditions. The results of the above studies can provide useful information to improve 
the modeling and more accurately estimate risk to the environment. 

The Norwegian Institute for Water Research. based on a leaching study conducted previously 
that collected run-off from artificial turf fields, modeled local concentrations of metals. 
PAHs, phthalates and other rubber-affil iated chemicals in surface water and sediment to 
estimate PEC/PNEC ratios. a measure of ecologic risk<11 0>. The risk assessment performed in 
thi s study was spec ific for local environments (i.e. surface runoff from artificial turfs in 
nearby streams). The PEC/PNEC ratio exceeded 1.0 (indicating a potential for ecologic risk 
in local environments) for octylphenol (2.9), total PAHs (1.13), and zinc (40) in surface 
water. In sediment, only octy lphenol and zinc result in PEC/PNEC ratios greater than one. 
However, the leachate studies that provide the environmental concentrations for this study 
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were determined based on a laboratory leaching study (recycled ground rubber placed in 
water), and were not collected based on a field study (or under simulated field conditions). 
The authors suggest that, while the resu lts indicate an ecological risk. fu rther work is 
required in order to more defin itively characterize risk in a more real istic setting. In addition, 
they state that the ecological effects are likely to elicit an impact locally only, and that over 
the course of the year. the limited runoff is not expected to be an important source of 
pollution when compared to other potential sources. 

In addition to studies eva luating the potential for ground rubber products to induce tox icity in 
aquatic species. multiple research groups have investigated the fossibility that particulate 
generated from the use of tires may impact aquatic organisms<11 1

-
14>. While these particles 

are demonstrably different from the ground rubber used in playgrounds and artificial turf 
fie lds, especially in relation to particle size and total surface area, the results from these 
studies are relevant to the question of ecological risk related to the usc of tires in such 
commercial applications. Gualtieri et al. observed lethality in Daphnia magna following 
treatment with leachates from tire tread debris<11 1>. Wik and Dave, in a series of experiments, 
demonstrated similar findings. with toxiciti to Daphnia magna from a range of high 
concentrations of leachate from tire debris<11 

• 
113>. Care must be taken in extrapolating the 

results of these studies to ground rubber used in playgrounds or artificial turf fields. The 
average size of the particulate used in these studies (to generate the leachate) is several orders 
of magnitude smaller than ground rubber used in these applications. As a result, the tota l 
surface area and relative leaching potential is much larger fo r these stud ies. FU11hermore, in 
the Gualtieri study, a harsh organic solvent was used to extract the tire debris, which results 
in a different profi le of chemicals in the leachate than would result from using water, an 
environmentally relevant leaching medium<111

l. 

Add itional studies evaluating the impact of other tire-related material (whole tires, scrap tire 
fill. etc.) were performed by several researchers. The Minnesota Pollution Control Agency 
conducted a genera l vegetation survey on roads containing or lacking scrap tire fi ll that 
indicated no difference between the two road types<61>. In Connecticut. a group of 
researchers collected anecdotal evidence regard ing the impact of tires used as energy 
absorbing bumpers on fresh water lake docks which indicated that the tires have little effect 
on the water, fi sh, or plant life in the lake<9>. The Canadian Water Research Institute 
prepared contaminated water by submerging whole passenger tires in natural ground water 
with continuous aeration. The contaminated water was used to treat fi sh (rainbow trout and 
fathead minnows). The leachate was I 00 percent lethal within 48 hours to the rainbow trout. 
but no toxicity was demonstrated in fathead minnows. Zinc was identified as the toxic 
constituent<115>. 

The ecological risk assoc iated with the use of ground rubber in playgrounds and ath letic 
fields has been investigated in several studies by evaluating the impact of leachates from 
ground rubber or other tire-re lated material (i .e. tire shreds) on aquatic life. In the majority 
of these studies. zinc was identified as the most likely toxic constituent. While lethality was 
observed in several species in many of the studies. aging of the rubber material and dilution 
from natural systems in which the species live is likely to prevent toxic effects demonstrated 
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from ground rubber leachates. Therefore. the use of ground rubber in ath letic fields and 
playgrounds is unl ikely to represent an ecological risk. 
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5.3 CONCLUSIONS FROM LITERATURE REVIEW 

The literature surrounding the safety o f ground rubber in uses such as playgrounds or 
artificial turf fields is, collectively, quite thorough in addressing potential concerns from the 
consumer standpoint. Each likely exposure pathway has been investigated, and in many 
cases deemed to be an unlike ly risk to either human or ecological receptors. In many cases, 
authors focused on children as a susceptible subpopulation, and yet risks remained low. The 
current literature does not prov ide a compell ing argument for discontinuation of the use of 
ground rubber products in playgrounds or athletic fields from the standpoint of either human 
or ecologica l risk. Furthermore. there are s ignificant benefit s associated with the use of 
ground rubber in these applications. Many of the criticisms that remain focus on the absence 
of toxicity information re lating to some o f the chemica ls associated with ground rubber. 
However, due to the shear vo lume of chemicals (both natural and synthetic) that are found in 
consumer products, a complete toxicity profi le for all chemicals for which humans are 
exposed is a goa l requiring many decades of future study. The vast number of synthetic and 
natural chemicals has motivated health sc ientists to develop tiered and hierarchical 
approaches to safety assessment. The following section details the approaches used for 
chemical sa fety assessments of whole products, citing examples from both natural and 
synthetic products. 
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6.0 SCIENTIFIC APPROACH TO CHEMICAL, SITE AND PRODUCT SAFETY 
ASSESSMENT 

The U.S. Environmental Protection Agency has established an overall framework for 
assessing the nature and extent of site-speci fie health ri sks as part of the National Oil and 
Hazardous Substances Pollution Contingency Plan (NCP)< 11 6l. A comprehensive evaluation 
of human health risk invo lves severa l key components. The first step is the col lection and 
evaluation of data relative to human heath and the identification of substances for risk 
characterization . An exposure assessment is then performed to assess the magnitude, 
frequency and duration of exposure, typically with a characterization of typical and 
reasonable maximum exposure. As part of an exposure assessment, the pathways of 
exposure (e.g. oral, dermal. inha lation), exposure concentrations and characteristics of the 
exposed population are used to calculate intake. 

In parallel to the exposure assessment. a toxicity assessment is completed to describe the 
types of adverse health effects and dose-response relationship which describes the 
relationship between magnitude of exposure and adverse effects. The process of 
characterizing the nature and extent of stren!,>th of ev idence of causation, as we ll as 
determining whether the agent can cause a specific adverse hea lth effect is termed hazard 
identification. The quantitative use of toxic ity information to relate the admin istered dose to 
incidence of adverse outcomes in humans at different exposure levels is termed dose
response evaluation. Although most natural and anthropogenic settings are characte rized by 
complex mixtures of inorganic and organic chemicals, many of which are not fu lly studied, 
site risk assessments are primarily based on currently existing tox ic ity information developed 
for spec ific chemicals. 

The outcome of the exposure and tOXICity assessment is summarized in the risk 
characterization. One of the important fea tures of a risk characterization is that both 
qualitative and quantitative statements regarding potential for noncancer or cancer risks are 
developed. Another purpose of the risk characterization is to evaluate uncerta inties and to 
address the need for further characterization. 

High quality general human health and ecological evaluations of recycled tire rubber 
products which conform to the U.S. EPA risk assessment framework have been completed. 
and these assessments have concluded that these products present a low like lihood of adverse 
health effects<' · 4· 

5
' . Recently, the Bainbridge Island School District located in Washington 

State requested an initial site-specific assessment of potentia l human health risks associated 
with the instal lation of a synthetic turf field based on recycled tire rubber<11 7

' . This 
assessment was consistent with the U.S. EPA ri sk assessment framework and considered 
exposure concentration. route of chemica l exposure, duration of exposure and chemical 
potency. The assessment identifies the important distinction between the composit ion of a 
product and the potentia l environmenta l exposure. For many consumer products, the 
component chemicals are not accessible to humans (e.g. the lead used ins ide cathode ray tube 
computer monitor) while in other instances the chemicals are accessible but absorbed by the 
body at different rates (e.g. the age dependent internal uptake of lead in paint chips). 
Analytical methods "vhich monitor unventilated headspace or total chemical composition 
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dissolved in strong acid are useful for hazard identification but unusable for assessment of 
exposure, which is a c ritical step in the risk assessment process. Exposure scenarios 
representative of upper bound Pacific Northwest exposures were assessed in a chi ld sport 
play scenario and teenager sport play scenario. The risk and exposure assessments were 
based on key chemical compounds determined based on a review of the literature and paired 
with conservative (i.e. likely to overestimate ri sk) assumptions of 26 1 days/year exposure 
frequency, high exertion breathing rates for 3 hours per day and use of indoor concentrations 
as a surrogate for outdoor concentrations. The assessment was consistent with other generic 
evaluations of recycled tire rubber and concluded some chemicals leach or volatilize from the 
recycled product in sma ll amounts, but the weight of ev idence indicated that the carcinogenic 
and noncarcinogenic risk for inha lation, dermal adherence and incidental ingestion pathways 
were minimal. 

Although comprehensive health assessments of ground rubber based fields have been 
completed wh ich are consistent with the EPA risk assessment framework. there are 
additional considerations when evaluating the chemical composition of a discrete consumer 
product. Chemicals in the environment are derived from natural sources such as plant or 
an imal metabolism. forest fires or weather or from synthetic sources during chemical 
manufacture. There have been over 39 million organ ic and inorganic compounds identified 
from synthetic or natural sources in the scientific literature since 1957 with each of these 
compounds assigned a unique identifier by the American Chemical Society termed a CAS 
number.(ll&) In the quantitative assessment of potential human health ri sk, the current state of 
knowledge precludes individual assessment of each of these compounds. For example, as of 
April 25, 2008, there were only 544 substances with peer reviewed quantitative toxicity 
factors listed in the U.S. EPA Integrated Risk Information System (lRlS) database. or 0.001 
percent of the total substances identified since 1957.<119

> Similarly, U.S. EPA Region III 
maintains a database of toxicity values which includes additional provisional data but 
includes only 377 compounds<120>. 

The absence of toxicity factors for each poss ible compound does not imply that a framework 
to rigorously assess human safety of complex products does not exist. In contrast, there are a 
variety of tools hea lth sc ientists use to assess product safety. many of which rely on 
hierarchical approaches. human epidemiology and evaluation of indicator compounds for 
which toxicity is well characterized. One example of such an approach is the U.S. EPA's 
Voluntary Children's Chemical Evaluation program. which identified 23 compounds for 
detailed assessment based on data which showed exposure had occurred based on human 
blood, breast milk or exhaled breath<12 1>. For these compounds, sponsoring companies were 
asked to identify all of the sources of exposure that contributed to the observed body burdens. 
In this program, a tiered approach was used to assess data needs for both potential hazard and 
exposure. Another example is in the assessment of disinfection byproducts created during 
drinking water treatment, where U.S. EPA has identified and cataloged more than 600 
halogenated and other byproduct chemicals< 122>. Based on a peer review, 252 of these 
compounds were detected in drinking water in various studies. Of the chemicals detected in 
drinking water, only 30 were considered to have sufficient toxicity data and 209 were 
evaluated for cancer potential using theoretical structural activity relationships. Compounds 
that show high potentia l for toxicity were considered for further animal or other testing. 
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Many of the compounds were considered to be of low priority for further study due to the 
low likelihood of adverse health effects. The qua litative hierarchal treatment of potential 
chemical risk is an essential and key step in the assessment of real world consumer products, 
including food, many of wh ich are comprised of complex mixtures. 

A lthough exposures to complex mixtures are frequently assoc iated w ith synthetic , or human 
made chemicals. there are many examples of natural products for which individual chemical 
assessment is not plausible. For example. a detailed chemical analysis of natural products 
such as roasted coffee reveals an extensive list of over I ,000 compounds, the majority of 
which traditional quantitative risk assessment is not possible<123>. Of the 30 compounds 
tested for rodent carcinogenicity, 21 were positive, resulting in approximately I 0 mg of 
rodent carcinogen per cup of coffee. One of the compounds detected, the carcinogenic PAH 
benzo(a)pyrene, is a common byproduct of cooking. However, most people generally 
consider coffee to be an extremely safe product when consumed in moderati on based on the 
characteri stics of the product. Coffee is not necessarily a risk factor in human cancer. 
Rather, thi s example shows that natural compounds that are carcinogens in high dose rodent 
tests are ubiquitous in the human diet, at levels often far exceeding synthetic chemical 
exposure. 

The most abundant semi-volati le organic compound identified in ground rubber head space 
analyzed by the Connecticut Agricultural Experiment Station was bcnzothi azole. EHHI 
specifically noted the Jack of information regarding benzothiazole was a severe limitation of 
the ex isting research on recyc led tire rubber exposure. However. EHHI fail ed to recognize 
that the Joint FAO/ WHO Expert Committee on Food Additives (JECFA), which is an 
international sc ientific expert committee adm inistered by the Food and Agriculture 
Organization of the United Nations (F AO) and the World Health Organization (WHO), 
considers ingestion o f benzothiazo le to be a safe food add iti ve when used as a flavoring 
agent and is considered to be generally recognized as safe (GRAS) by the Flavor and Extract 
Manufacturers Association (FEMA) <124>. Further. there are many natural dietary sources of 
th is compound such as fresh apple , sour cherry, butte r. wine, tea and cooked scented rice<125>. 
This example illustrates the ubiquity of chemicals in our diet as well as the importance of 
comprehensive evaluation of hea lth hazards. 

The University of Cali forn ia - Berkley maintains a Carc inogenic Potency Database (CPOB). 
which catalogs 6.500 chronic. long-term animal studies on approximate ly 1.500 chemicals. 
This research group. including the creator of the Ames test, a mutagenic biological assay 
screening method, has identified severa l key points regarding synthetic versus natural 
chemical exposure which are essential for reliable assessment of product hea lth effects, costs 
and benefits. Natural chemical exposure is far broader and much greater in magnitude than 
synthetic chemical exposure, yet exposure to natural chemicals has not been systematically 
evaluated. For example, 99.99 percent of dietary pesticides (totaling 5,000 to I 0,000 
compounds) are estimated to be naturally produced by plants for protection aga inst fungi, 
insects or animal predatorsc123>. Accordingly. public and regu latory perception of 
carcinogenic hazards. which emphasize synthetic chemicals, is not properly aligned with true 
human exposure. Given the level of these natura l pestic ides, dietary human exposure to 
known rodent carcinogens is frequent and high in magnitude. Assessment of the potential 
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health ri sk of exposure to natural compounds should not reduce the level of study of 
synthetic chemicals. However, knowledge of the ubiquitous presence of natural and 
synthetic compounds (many of which are carcinogenic in rodent studies at high doses) is 
useful in understanding the tiered and hierarch ical scientific process which must be used by 
heath scientists to assess food and consumer product safety. 

In food or consumer products. many inorganic. vo latile and semi-volati le compounds wil l be 
detected for which detailed toxicity assessments have not been completed. In these 
instances. three types of assessments are performed. First. whole product safety is assessed 
using animal data. For example, in the assessment of white spirits solvent (mineral spi rits), 
guinea pigs were the most sensitive of fi ve species based on continuous inhalation exposure 
for 90 days(126>. Mineral spirits are complex products derived from crude oil of variable raw 
composition and whole product testing is essentia l in understanding human health ri sk. Next, 
key individual chemicals of known toxicity are evaluated. In the case of mineral spirits. 
scienti fie consensus dictates that an individual exposure or risk assessment be performed for 
trace aromatic compounds such as I ,2,4-trimethylbenzene and benzene. Fina lly, human 
epidemiological information is considered, typically from controlled studies or occupational 
exposure assessments which report short and long-term neurological , target organ specific, 
irritation and other effects. In some instances, re liable human epidemiological data may not 
be available due to the difficulty in control ling for confounding exposures or lack of 
knowledge regarding historical dose or non-occupational dose. However. even in these 
instances. qual itative case reports regarding respiratory irritation or dermal sensitivity may be 
available. 

EHHI recently issued a report recommending a moratorium on the installation of fie lds or 
playgrounds that use ground-up rubber tires based on limited testing which showed that low 
levels of metals or organic compounds are leachable from tire rubber, extrapolation from 
occupational studies. and critique of relevant quantitative studies. While the creat ion of a 
long term research program for recycled tire rubber products may be appropriate. the weight 
of ev idence and range of studies that have been performed to date does not support EHHI 's 
conclusion that use of existing fields should be limited or that planned fie lds should not be 
installed. EH HI 's criticisms of existing studies fa il to acknowledge the spectrum of valid 
qualitative and quantitative methodologies which have been traditionally employed to 
evaluate many of the useful. but chemically complex, consumer products where human 
contact occurs on a daily basis. Specific examples of EHHI criticisms that could generically 
be applied to other common products include surface temperature (comparable to upper 
bound outdoor asphalt basketball court temperatures of 160 °F), leachable organic chemicals 
lacking toxicity factors (comparable to severa l hundred semivolatile and volatile compounds 
found in roasted coffee) or the potential for unacceptable levels of zinc in the rubber tire 
mulch leachate (cof!l~arablc to zinc leached from galvanized residential cistern rainwater 
collection systemsi-' 0

. The concerns publ icized by EHHI represent a viewpoint that is 
unsupported by the current scientific consensus, or weight of ev idence, as well as the views 
of the majority of governmental agencies. 

As can be seen from these examples, criticisms of ground rubber which question the safety of 
the product based solely on the absence of comprehensive peer reviewed toxicity database 
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for every possible detected organic compound arc quite misleading. Scientific health and 
safety assessment of natural and processed food and food additives. as wel l as consumer 
products is necessarily based on a holistic and hierarchical approach which synthesizes a 
number of different types of information to inform an assessment of product safety. Such 
assessments ensure that beneficial products are avai lable to the public. and that use of these 
products will not result in unacceptable adverse human or ecological effects. 
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7.0 CONCLUSIONS 

Based on a review of the avai lable studies, there is a low likelihood of adverse hea lth effects 
for ch ildren or ath letes exposed to recyc led tires found at playgrounds or ath letic fields 
(Tab le I). There were no short-term or urgent research needs identified upon consideration 
of the weight of ev idence presented in the current literature. However. additional research 
could be useful in better defining and communicating potential ri sks. One such area is 
assessment of fine particulate exposure at ground rubber insta llations and assessment of 
outdoor airborne concentrations of volatile organic compounds as a function of temperature. 
The Ca lifornia Integrated Waste Management Board is currently considering completing 
research in each of these areas. Based on the range of questions and concerns among various 
stakeholders, another area of potential inquiry could be site-specific assessment of zinc 
concentrations in local ecosystems. Although some stud ies have suggested that more 
information is needed regarding the potential for natural rubber allergy after contact with 
recycled tire products, no evidence was found to support the hypothesis that tires. which are 
made from natural rubber in bale form, arc likely to cause adverse allergic reactions. 
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Attachment 1: Calculation of outdoor airborne ground rubber concentration from wind 
dispers ion as PM-I 0. 

EPA 2002. Equation E-41791 

Area of site 8,094 m2 Large 2-acre field. 
Area of site 2.0 acres Unit conversion . 
A (default) 16.2302 unitless EPA 2002? 91 Equation E-4. 
B (default) 18.7762 unitless EPA 2002. Equation E-4. 
C (default) 216.108 unitless EPA 2002. Equation E-4. 

g/m~-s per 
Q/CWind 73.69941495 kg/m3 EPA 2002. Equation E-4. 
V (no veQetation) 0 percent EPA 2002. Equation 4-5 . 

Urn (default)_ 4.69 m/s EPA 2002. Equation 4-5. 
zo (plowed field) 1 em Hayes et al. (eds) 1996.1821 Figure C-3-3. 
u* (3-mm diameter mode) 1 m/s Hayes et al. (eds) 1996. FiQure C-3-1 . 

u, (threshold velocity) 16.38 m/s Hayes et al. (eds) 1996. Equation C-3. 
X 3.09 Hayes et al. (eds) 1996. Equation C-4. 
F(x) 0.0034 Hayes et al. (eds) 1996. Figure C-3-2. 

Cwind = 1/PEF 1.1E-11 kg/m3 EPA 2002. Equation 4-5. 

Cwind = 1/PEF 0.01 ug/m3 Unit conversion. 
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Attachment II : Gastric digestion supplmental childhood chronic ingestion assessment: 
cancer risk and non-cancer hazard quotient 

Cancer Risk - Screening Assessment 
Gastric Slope 

Digestion Factor Excess 
Age range Exposure Concentration (mg/kg- Slope Factor Lifetime 

Chemical considered duration (years) { g/9) day)"1 Source Cancer Risk 11 

Arsenic Child (16 years) 0.031 9.45 OEHHA 2E-07 

Cadmium + 0.014 0.38 OEHHA 4E-09 3 to 70 Adult (14 years) 
Lead = 0.71 0.0085 OEHHA SE-09 

Aniline 30 z:ears total 33.5 0.0057 OEHHA 1E-07 
Total 4E-07 

Hazard Quotient - Screening Assessment 
Gastnc 

Digestion Ordal RfF Maximum 
Age range Exposure Concentration (mg/kg- Hazard 

Chemical considered duration (z:ears) Lgtg) daz:) RfD Source Quotient 
Antimony 0.55 0.0004 IRIS 0.002 
Arsenic 0.031 0.0003 IRIS 0.0002 
Barium 0.44 0.2 IRIS 0.000003 

Cadmium 0.014 0.001 IRIS (food) 0.00002 
Chromium 0.285 0.003 IRIS 0.0002 

Cobalt Child (16 years) 0.25 0.02 NCEA P 0.00002 
Copper + 8 0.04 HEAST 0.0003 

Lead 3 to 70 Adult (14 years) 0.71 0.00067 OEHHA 0.002 
Molybdenum = 0.09 0.005 IRIS 0.00003 

Nickel 30 years total 0.135 0.02 IRIS 0.00001 
Selenium 0.09 0.005 IRIS 0.00003 
Vandium 0.048 0.001 IRIS 0.0001 

Zinc 130 0.3 IRIS 0.0007 
Aniline 33.5 0.007 NCEA P 0.008 
CaE!tan 2.5 0.13 NCEA P 0.00003 

Total 0.013 

a An age-dependant adjustment factor of 3 for ages 3 to 15 was used to estimate risk, 
as was done in the initial risk assessment performed by OEHHA. However, this 
adjustment factor is recommended by the U.S. EPA only in cases where the mode 
of action of the chemical is definitively mutagenic. While this may not be the case 
for all chemicals considered here, the risk calculation here was modeled after 
the initial OEHHA risk assessment. 
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Sample Calculation: Cancer 

Risk= CSx IR x EFx ED x FI /(ATx BW) x (SF x ADAF) 

Fraction Average 
Ingestion Exposure Exposure Ingested Body 

Concentration rate Frequency duration from Averaging Weight 
Chemical A~ ra~e ~ma!f.!l" wtda~t !da~!Z:eart ~~arsl Sourced Time ~kf.!ld 

cs IR EF ED Fl AT BW 
Arsenic 3 to 5 0.000031 0.1 129 3 100% 25550 17.5 

6 to 10 0 .000031 0.1 129 5 100% 25550 27.5 
11 to 15 0.000031 0.1 129 5 100% 25550 47.5 
16 to 18 0 .000031 0.1 129 3 100% 25550 65 
19 to 70 0 .000031 0.05 129 14 100% 25550 70 

Total 30 

Notes: 
a Based on results from gastric ingestion study by OEHHA 
b Based on EPA recommendation for soil ingestion rate ( 100 mg/d) 
c Exposure frequency is 5 days per week x 4.3 weeks per month x 6 months per year equal to 129 days per year. 

This frequency is based on EPA recommendations for outdoor recreational activity and is 
also used in RIVM and Norwegian oral ingestion risk assessments for ground rubber. 

d EPA Children's Exposure Factor Handbook 
e Califomia Integrated Waste Mangagement Board, 2007 
f An age-dependant adjustment factor of 3 for ages 3 to 15 was used to estimate risk, as was done in the initial 

risk assessment performed by OEHHA. However, this 
adjustment factor is recommended by the U.S. EPA in their Supplemental Guidance for Assessing Susceptibility 
from Early-Life Exposure to Carcinogens (2005) only in cases where the mode of action of the chemical 
is definitively mutagenic . While this may not be the case for all chemicals considered here, 
the risk calculation here was modeled after the initial OEH HA risk assessment. 
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Slope Age-
Factor Dependant 

(mg/kg- Adj ustment 
da~r,· Factor' Risk 

SF ADAF R 
9.45 3 8E-08 
9.45 3 8E-08 
9.45 3 5E-08 
9.45 1 7E-09 
9.45 1 1E-08 

2E-07 



Sample Calculat ion: Non-Cancer 

HQ = CS x IR x EF xED x Fl / (AT x BW) I (RID) 

Ingestion Exposure 
Concentration rate Frequency 

Chemical A9e range (mg/g)a (g/day)b (day/year)c 
cs IR EF 

Antimony 3 to 5 0.00055 0.1 129 
6 to 10 0.00055 0.1 129 
11 to 15 0.00055 0.1 129 
16 to 18 0.00055 0.1 129 
19 to 70 0.00055 0.05 129 

Notes: 
a Based on results from gastric ingestion study by OEHHA 
b Based on EPA recommendation for soil ingestion rate (100 mg/d) 

Oral 
Fraction Average Refrence 

Exposure Ingested Body Dose 
duration from Averaging Weight (mg/kg-
(years) Sourced Time (kg)d day) 

ED Fl AT BW RfD 
3 100% 1395 17.5 4.00E-04 
5 100% 2325 27.5 4.00E-04 
5 100% 2325 47.5 4.00E-04 
3 100% 1395 65 4.00E-04 

14 100% 6510 70 4.00E-04 

c Exposure frequency is 5 days per week x 4.3 weeks per month x 6 months per year equal to 129 days per year. 
This frequency is based on EPA recommendations for outdoor recreat ional activity and is 
also used in RIVM and Norwegian oral ingestion risk assessments for ground rubber. 

d EPA Children's Exposure Factor Handbook 
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Hazard 
RdD Source Quotient 

-- HQ 
IRIS 0.002 
IRIS 0.001 
IRIS 0.001 
IRIS 0.001 
IRIS 0.0003 

Max1mum 0.002 
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EXECUTIVE SUMMARY 

Synthetic turf fields have been installed in many athletic and playing fie lds throughout 

New York City (NYC), the United States and the world. Many of the synthetic turf fields 

contain crumb rubber infil l. Crumb rubber consists of recycled, chipped/pulverized, used 

automobile tires primarily made from styrene butadiene rubber (SBR). Crumb rubber granules 

contain a variety of chemicals typical in rubber. including semi-volatile organic chemicals 

(SVOC) such as polycycli c aromatic hydrocarbons (PAH) and vo latile organic chemicals (VOC). 

In addition, crumb rubber may contain some amounts of particulate matter and metals. Recent 

concern about the potential for exposure to chemicals found in crumb rubber prompted NYC 

Department of Parks (DPR) to request assistance from the NYC Department of Health and 

Mental Hygiene (DOHMH). In response to this request, and with a grant awarded by the New 

York Community Trust, the DOHMH contracted TRC to lead an intensive literature review 

focusing on the potential exposures and health effects related to synthetic turf fields and to 

identify gaps in what is known. The findings from the review were released in a report prepared 

by TRC titled ·'A Review of the Potential Hea lth and Safety Risks from Synthetic Turf Fields 

Contain ing Crumb Rubber lnfill" (DOHMH 2008). While potential health effects due to heat 

exposures were identified, an increased risk for human health effects as a result of ingestion. 

dermal or inhalation exposure to crumb rubber contaminants of potential concern (COPC) was 

not identified by the review. The rev iew. however, did identify certain knowledge gaps 

associated with exposure to synthetic turf fields and specifica ll y recommended that air quality 

related to crumb rubber fields be assessed in the breathing zones of children. 

To address the recommendation in the report, with the grant awarded by the New York 

Community Trust, DOHMH contracted TRC to conduct an ai r quality survey (AQS). The 

purpose of the AQS was to investigate the potential release of contaminants from crumb rubber 

synthetic turf fields and the subsequent potential exposures in the breathing zones of young 

children to those airborne contaminants. Although there is potential for ingestion and dermal 

contact of the crumb rubber in fill itself, inhalation exposure would be expected to be a primary 

route of exposure to any emiss ions from the synthetic turf. 

The AQS consisted of air sampling fo r a suite of SVOCs (PAHs and benzothiazole), 

VOCs. metals and particulate matter (PM2 5) at t\>vo outdoor crumb rubber athletic fields in 

NYC; Thomas Jefferson Park (East Harlem. Manhattan) and Mullaly Park (Bronx). These 
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COPCs were selected based upon studies showing that SBR crumb rubber contains these classes 

of COPCs (DOHM H 2008). These stud ies were e ither direct analyses of the crumb rubber or a ir 

quality studies conducted in indoor soccer ha lls. In the AQS. stationary samplers placed on turf 

fields were used to take measurements in the breathing zone of young ch ildren (three feet above 

ground surface). Air samples were col lected under simulated playing conditions such as a 

practice soccer game and walking/running around the samplers. Stationary background samples 

were col lected upwind of the field at the same time as the corresponding active field samples. A 

grass field a lso located at Mullaly Park was sampled in a manner s imi lar to the synthetic turf 

fields for comparison purposes. Air samp ling was conducted under summer conditions (August 

2009) in the late morning to afternoon hours to represent potentially the highest 

concentrations of VOCs released due to the heating o f the fields by the s un.. The AQS 

results represent the conditions of the day and time when sampling was performed. 

The results of the AQS air measurements indicate the fo llowing: 

• Of 69 VOCs tested . e ight YOCs were detected in the a ir measurements. A lthough 
VOCs were detected in the air, there was little evidence of harmful levels at the two 
sampled synthe tic turf fields. A lso, there was no cons istent pattern to indicate that 
detected VOCs were associated with the syntheti c turf. Similar concentrations were 
found in the background samples from the comparison grass field and upwind 
locations. 

• For the SVOCs: 

+ None of the 17 PAHs tested were detected in any of the ambient air samples. 
+ Benzothiazole. which is considered a chemical ·'marker'' for synthetic rubber 

(DOHMH 2008) was not detected in any of the air samples. inc luding 
background samples. 

• Of I 0 metals tested. two were detected in the ambient air samples. Only one of these 
metals, however, was detected in the ambient air samples collected from the synthetic 
turf fie lds. Similar concentrations were found in both the grass fi eld and upwind 
samples. 

• Ranges of particulate matter (PM2 5) air concentrations from both turf fields were 
within the background levels found at the comparison grass field and upwind 
locations. 

An analysis of the a ir in the breathing zones of children above synthetic turf fields did not 

show appreciable levels from COPCs contained in the crumb rubber. Therefore, a ri sk 

assessment re lated to actua l exposure to children was not warranted from the inha lation route of 
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exposure. Results from one of the bulk crumb rubber samples collected as part of this project 

identified an elevated lead level in the synthetic turf fie ld at Thomas Jefferson Park. • 

· DPR is currently replacing the field and continuing to investigate the source of the lead contamination. 
Using protocols developed by DOHMH, DPR has since tested the remaining synthetic turf installations 
throughout YC for lead and has not found a lead hazard. Results will be posted on the DPR website at 
\VWw.nvc.gov/parks when available. 
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1.0 INTRODUCTION 

Synthetic turf fields have been installed in many athletic and playing fields throughout 

New York City (NYC), the United States and the world. The NYC Department of Parks and 

Recreation (DPR) provides more than 800 athletic fields around the City for New Yorkers to get 

exercise and enjoy the outdoors. Of these athletic fields, 94 are made of synthetic turf (89 crumb 

rubber infill fie lds and 5 carpet-style turf fie lds without crumb rubber infill). In addition to the 

athletic fields. there are 17 play areas (14 with crumb rubber infill and 3 carpet-style). 

This project focused on synthetic turf fields with crumb rubber infill. The infill-type 

synthetic turf fields in NYC parks conta in several layers. including: 

• A bonom layer composed of geo-textile. 
• Middle layers composed of broken stone with plastic perforated pipe for drainage 

and rubber padding for shock absorbance. 
• A top layer composed of carpet with soft. flexible plastic grass. 
• Crumb rubber infill made from recycled tires added to the 'grass' layer to provide 

extra padding, serve as a ballast to hold the carpet down, and keep the grass upright. 
Sand is sometimes mixed with the crumb rubber. 

The crumb rubber infill consists of recycled. chipped/pulverized. used automobile tires 
primarily made from styrene butadiene rubber (SBR). The tire crumbs are roughly the size of 

grains of coarse sand and generally are spread two to three inches thick over the field surface and 

packed between ribbons of green polyethyelene fibers used to simulate grass. Crumb rubber 

granules contain a variety of chemicals typical in rubber, inc luding semi-volatile organic 

chemicals (SVOC) such as polycyclic aromatic hydrocarbons (PAH) and vo latile organic 

chemicals (VOC). These chemicals may be released into the breathing zones of users. especially 

on hot days when turf surface temperatures may be elevated. In add ition, crumb rubber may 

contain some amounts of particulate matter and meta ls. These part icles may become airborne 

during play and sports activities. Crumb rubber may also be further reduced in size and 

concentration by mechanical abrasion and wear that comes with use of the fields. 

In May 2008, DOHMH re leased a report prepared by TRC. "A Review of the Potentia l 

Health and Safety Risks from Synthetic Turf Fields Containing Crumb Rubber lnfill.'' This 

report identified several gaps in the current knowledge about potential exposures to COPCs from 

the crumb rubber in synthetic turf fields. These inc lude: 
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• Outdoor air concentrations of COPCs on both newly installed and older synthetic 
turf fields. Most of the data generated have been from indoor synthet ic turf faci lities. 

• Background air concentrations of COPCs in NYC. Many o f the COPCs found in 
crumb rubber are also present in the urban envi ronment. but there is little available 
data on background levels of these COPCs. 

The report made the following recommendations: 

• Field operators should measure a ir concentrations of COPCs and particulate matter 
above outdoor fields to give more representative data related to use of playing fields 
in urban parks. Measurements taken on a hot. cairn (no wind) day would represent a 
worst case scenario. 

• When conducting air studies over fields with crumb rubber. air measurements should 
also be taken simu ltaneously at nearby ofT-fie ld sites, as we ll as on natural grass 
and/or asphalt fields. to provide comparative data on exposures re lated to urban 
environments. 

The AQS addresses the recommendation to investigate the potential airborne re lease o f 

contaminants from crumb rubber synthetic turf fields and the subsequent potential exposures in 

the breathing zones of young children to those airborne contaminants. The AQS also addresses the 

recommendation to investigate natural air measurements on a grass field for comparison data. 

A It hough there is potential for ingestion and dermal contact of the crumb ru bber in fill itse lf. 
inhalation exposure would be expected to be a primary route of exposure to any emissions from 

the synthet ic turf. 
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2.0 AIR QUALITY SURVEY 

2.1 Specific Objectives: 

This air quality survey (AQS) had the fo llowing objectives: 

I) Characterize the concentrations of certain SYOCs (PAHs. Benzothiazo le), VOCs, 
meta ls and particulate matter ( PM2.s) at selected crumb rubber fie lds in NYC, 
inc luding the Mullaly Park fie ld, a "newer" (< I year o ld) synthetic turf field and the 
Thomas Jefferson Park field. an "older·· synthetic turf field(> 3 years old); as well 
as a grass field (also at Mullaly Park) for comparison purposes. The different ages 
of the turf fields would potentially provide information relat ing to the aging effect 
of the crumb rubber. 

2) Evaluate the suitability of toxicology data to assess the hea lth risks assoc iated with 
concentrations measured during the AQS. 

3) Evaluate the leve l o f potentia l risk for cancer and non-cancer hea lth effects for 
those analytes found to be above background levels or of toxicological concern. 

2.2 Air Quality Survey Design 

The AQS consisted of air sampling fo r a suite of 18 SYOCs ( 17 PAHs and 

benzothiazo le). 69 VOCs. I 0 metals and particu late matter (PM25) at two outdoor crumb 

rubber athlet ic fie lds in NYC, Thomas Jefferson Park (East Harlem. Manhattan) and Mullal y 

Park (Bronx). and at a comparison grass field in Mullaly Park. These COPCs were se lected 

based on studies showing that SBR crumb rubber contains these c lasses of COPCs (DOHMH 

2008). These studies were e ither d irect ana lysis of the crumb ru bber or a ir quality stud ies 

conducted in indoor soccer halls. In addition, a bu lk sample of crumb rubber intill was a lso 

collected tram each turf field and analyzed for 77 organ ic compounds (YOCs and some SYOCs) 

and e ight metals for the purpose of matching substances identified in the air samples with the 

constituents found in the bulk crumb rubber. 

AQS background and field air samples were collected using stationary samplers. Field 

air samples were collected from the crumb rubber fie lds (Refer to Appendix A for sample 

locations). Background samples, which consisted of air samples collected at upwind locations 

adjacent to the crumb rubber fie lds, were co llected at the same time as the corresponding active 

field air samples. In addition. a grass field a lso located at Mullaly Park, away from the synthetic 

turf field. was sampled in a manner similar to the synthetic turf fie lds for comparison purposes. 

The stat ionary background and field samples were co llected at 3 feet above ground level to 
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simulate the breathing zone of a young child (USEPA 2008). Samples were collected under 

simulated playing condi tions during a practice soccer game and walking/running around the 

samplers. Sampling was conducted under summer conditions in the late morn ing to afternoon 

hours in order to capture potentially the highest concentrations of VOCs released due to the 

heating of the fields. Samples were co llected over four separate days. Table I provides details 

about the sampl ing and analytical methods. 

Table 1. Air Sampling and Analytic Methods. 

Sampling # of Samples # of Upwind 
Analytes Method/Analytical Sampling Equipment (per Turf Samples 

Method field) (per Turf 
field)* 

1-liter SUMMA canister placed on 
VOCs EPA T0-15 field (and upwind of field) at 3 ft 4 2 

above ground 

SVOCs/PAHs INtOSH 5506 
Sampling pump with sorptive media 
placed on field (and upwind of field) 4 2 
at 3 ft above ground 

Metals OSHA !D 125 
l-li-vol sampler placed on fie ld. (and 

4 2 upwind of field} at 3 ft above ground 
SVOCs/ 

NIOSH 2550 
Low flow pumps with Teflon filter 

4 2 Benzothiazole and adsorbing media 

PM2s 
Contiuous Dustrak Model 8520 (TS I 

4 2 Sampling lnstrurnents}"' 

• Upwind samples were not collected for the grass field. 
** The Dustrak uses laser photometry to measure particles from 0.1 to I 0 um in diameter. A 2.5 size 
selective inlet nozzle with an omni-directional probe to reduce wind impact was used. Instrument was 
zeroed before sampling. 

The YOC sampling time was pre-set for 1-hour using SUMMA canisters with a flow 

controlled inlet. Sampling times for all other substances were 120 minutes in duration. The 

sampling times were chosen based on the anticipated amount of time a chi ld would spend on the 

field in any given day. NYC Department of Parks and Recreation schedules field use for I to 2 

hours per permit. Fields permits are in high demand and permit times are limited accordingly. 

Fie ld parameters such as the site name, type and age of field. fie ld description, sampling 

start and end times, date. sampling location on and off the field. ambient and surface 

temperatures, relative humidity. wind direction/speed and weather conditions were documented. 

Variables that could provide insight during data interpretation, such as high traffic conditions in 

adjacent roads were also documented. Field worksheets with the above data can be found in 

Appendix C. 
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2.3 Data Analvsis and Interpretation 

Data were logged into Excel spreadsheets by uniquely coded sample numbers so that all 

measurements for a single sample appear on the same line. The raw sample data and summary 

statistics tables can be found in Appendix B. Summary statistics were prepared for each 
parameter (number of detects, minimum and maximum detected concentration, minimum and 

maximum detection limit and arithmetic average). 

2.3.1 Data Analysis 

In order to organize the data into a form manageable and appropriate for risk assessment, 

data usability was evaluated following USEPA ·s protocol given in Guidance for Data Usability 

in Risk Assessment (USEPA 1992). The following steps were followed during the data 

evaluation process as described by USEPA ( 1989): 

I) Gather and Sort All Data by Medium (i.e., air and bulk sample). 

2) Evaluate Methods of Analysis - Analytica l methods were evaluated to determine 
which ones are appropriate for use in the quantitative risk assessment. In doing so, 
the specificity of the results. the sensitivity of the analytical methods. and the use of 
adequate quality assurance/quality control (QA/QC) procedures are considered. 

3) Evaluate the Sample Ouantitation Limits CSQL)- For the purpose of the evaluation. 
all non-detects were evaluated. not simply omitted. 

4) Evaluate the Data Qualifiers and Codes - Data va lidation qualifiers were also 
assessed during the data evaluation process. As indicated in USEPA gu idance 
(USEPA 1989). unqualified data and data qualified with a "J" qualifier are treated as 
detected concentrations. Data qualified with "UJ" or "U" qual ifiers are treated as 
non-detectable concentrations. As described above, non-detects will be assigned a 
va lue equal to the SQL. Data for constituents not detected in any medium or 
rejected data (qual ified with an "R") were not inc luded in the quantitative Human 
Health Risk Assessment. 

5) Evaluate Blank Data- Field. trip and laboratory blanks were used to segregate actual 
site contamination from cross contamination assoc iated with fie ld or laboratory 
procedures. As indicated in USEPA guidance ( 1989). sample results are considered 
positive only if concentrations exceeded ten times the concentration of a common 
laboratory contaminant in a blank, or five times the concentration of a chemical that 
is not considered a common laboratory contaminant. Definit ions of common 
laboratory contaminants are provided in US EPA guidance ( 1989). If less than five 
or ten times the blank concentration, the constituent will be treated as non-detected 
in that sample. 
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6) Eva luate Background Data - Site-specific upwind (background) locations were 
sampled. These site background samples were used as a screen ing method to 
evaluate whether constituents detected from w ithin the study area are non-site 
related. 

7) Develop Data Sets by Medium- Tables were des igned to provide summary statistics 
(i.e., frequency and range of detects) for constituents detected in air. Full summary 
statistic tables are provided in Append ix B. 

2 .3.2 Sampling Resu lts 

Summary tables in Append ix B present the findings from the air sampl ing and bulk 

crumb rubber analysis. Air sampling was conducted at Mullaly Park's '·newer' ' (< I yr) synthetic 

turf field and at Tho mas Jefferson Park' s ·'older" (>3 yr) synthetic turf field. Background air 

samples were co llected from upwind locations at Mullaly and Thomas Jefferson Parks and a 

grass baseball fi e ld at Mullaly Park. A bulk sample of crumb rubber infill was co llected from 

each of the turf fields. The data presented represent those compounds that were detected at these 

fields and at the ir corresponding background locations g iven the cond itions on the day when 

sampling was performed. These samples were collected on hot summer days with ambient 

temperatures ranging from approximately 79°F to 94°F (Appendix B). The surface temperatures 

on these days ranged from approximate ly 80°F to 129°F. Of the 18 SVOCs ( 17 PAHs and 

benzothiazole). 69 VOCs and I 0 metals tested, a total o f eight VOCs and two metals were 

detected in the air measurements as discussed in detail below. Ranges of PM2 5 a ir 

concentrations from both turf fie lds were w ithin backgro und leve ls. Results from one of the bulk 

crumb rubber samples co llected as part of this project identified an e levated lead level in the 

synthetic turf field at Thomas Jefferson Park. 

2.4 Selection of Constituents o f Potentia l Concern CCOPCs) 

A selection process was used to identify and target site-related COPCs that were likely to 

contribute significantly to the estimates of r isk. Constituents were omitted from the list of 

COPCs if the: 

• Constituent was not detected in any sample; 

• Detected a ir concentrat ions were present at levels less than the NYS DECs DAR-I 
annual guideline leve ls (NYSDEC 2007). These screening values are considered 
conservative screening measures as they assume long-term exposure; 
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• Detected air concentrations fel l w ithin the range measured in the background 
locations or appear to be from a source unrelated to the synthetic turf. 

2.5 Discussion 

2.5. 1 Sampling Results 

Air 

Volatile Organic Compounds CVOCs) 

Of 69 VOCs tested. e ight were detected in the air measurements (Appendix B). Of these 

eight, three of the VOCs (2-butanone, chloroform and n-hexane) were unique to the synthetic 

turf samples (i.e. not detected in the upwind background locations or at the Mulla ly Park grass 

field). Detected concentrations of 2-butanone and n-hexane were well below the respecti ve 

guideline values of 5,000 ~g/m3 and 700 ~g/m3, respective ly. The detected concentration of 

chloroform (I out of 4 samples from Thomas JefTerson Park). however, exceeded its guideline 

(2.9 ~tg/m3 vs. 0.043 ~g/m3). Chloroform has been associated with crumb rubber thro ugh direct 

analysis of the rubber (see DOHMH 2008); however, it was not detected in the analysis of crumb 

rubber from the Thomas Jefferson Park synthetic turf field. In add it ion, it has not been detected 

in air emissions from indoor synthetic turf fields (see DOHMH 2008) suggest ing a source other 

than the crumb rubber for the ch loroform. Small amounts of chloroform arc formed when 

chlorine is added to water. A ch lorinated swimming poo l is located adjacent to the field in which 

the chloroform was detected. and is a likely source of the compound. Although this reading 

exceeds the NYS DEC annua l guideline concentration, it is far below the short-term guide line 

concentration for chloroform. 150 ~g/m3. 

Five of the 69 VOCs (acetone, chloromethane, ethano l. toluene and methylene chloride) 

were detected both in the synthetic turf field samples as well as in the upwind background 

samples and/or the Mullaly Park grass field. Detected concentrations of acetone, chloromethane, 

ethano l, and toluene did not exceed the respect ive guidel ine va lues of28,000 ~g/m3, 90 ~g/m3 , 

45,000 ~g/m3 and 5,000 ~tg/m3, respectively. Detected concentrations of methylene chloride 

from both Mullaly Park (synthetic turf field) and Thomas Jefferson Park, as well as one upwind 

backgro und sample, exceeded the guideline of2. 1 ~g/m3 . The maximum detected concentration 

was at Thomas Jefferson Park at a concentration of 9 ~tg/m3 . Methylene chloride is a common 

laboratory contaminant. It was detected in a majority of the samples including background 

locations at consistent concentrations. Although the SUMMA canister methodology used for the 

sample collection does not allow for a blank comparison, the consistency of the methylene 
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chloride concentrations suggests the presence of laboratory contamination. Methylene chloride 

has been associated with crumb rubber through direct analysis of the rubber (see DOHMH 
2008), however, it was not detected in the analysis of the crumb rubber sample from the Mulla ly 

Park synthet ic turf field or the Thomas Jefferson Park synthet ic turf field. In addition, it has not 

been detected in air emissions from indoor synthetic turf fields (see DOHMH 2008). 

In add ition to the 69 YOCs that were detected as a resu lt of using a standardized 

analytical method. seven YOC TICs (Tentatively Ident ified Compounds) were detected in the air 

measurements. TICs are analytes that the laboratory instrument can detect, but unlike the panel 

of 69 YOCs the TIC results cannot be verified by the analyt ic method. Consequently. the TIC 

findings are merely estimated levels that were detected as part of the analysis. Of the seven 

YOC TICs detected, four YOC TICs (isobutane, pentane, 2-methyl- I ,3-butad iene. and 2-

methylbutane) were unique to the synthetic turf fields (i.e. not detected in the upwind 

background locations or at the Mullaly Park grass field). Detected concentrations of 2-

methylbutane, isobutane and pentane were well below the respective gu ideline va lues of 42,000 

~tg/m3, 57,000 ~g/m3 and 4,200 ~g/m3• respectively. 2-Methyl-1 ,3-butadiene does not have a 

screening criterion. 2-Methyl-1.3-butadiene also known as isoprene is a common hydrocarbon in 

animals and plants. It is also found in naturally occurring rubbers. Since 2-methyl-1 ,3-butadiene 

was only identified in one sample as a tentative ly identified compound and it was not detected in 

the bulk rubber sample it is not considered a constituent of potential concern. Acetaldehyde was 

detected in one of the synthetic turf fie ld air measurements as wel l as in a sample collected from 

the grass fie ld. Though the measured concentration from the turf fie ld ( 1.8 ~g/m3) exceeded the 

respective guideline value of 0.45 ~g/m3 • the level ·was close to the background measured 

concentration collected from the grass field ( 1.1 ~glm\ Acetaldehyde, being that it is a product 

of combustion including automobile exhaust, is ubiquitous in an urban environment. Although 

this reading exceeds the NYS DEC annual guideline concentration, it is far below the short-term 

guideline concentration for acetaldehyde, 4,500 ~g/m3 . 

Semi-Volatile Organic Compound~ (SVOCs) 

None ofthe 18 SYOCs (17 PAHs and benzothiazole) tested were detected in any ofthe 

ambient air samples. 
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Metals 

Of I 0 metals tested. two (chromium. z inc) were detected in the ambient air samples. 

However, only one of these metals (chromium) was detected in the ambient air samples obtained 

from the synthetic turf fields. Similar concentrations were found in the background samples. 

Detected concentrations of chromium from the Mullaly Park and Thomas Jefferson Park 

synthetic turf fields, the Mullaly Park grass field and the two upwind samples all exceeded the 

guide line va lue of 1.2 11g/m3
. The concentrations of chromium, however, were consistent among 

all five sample locations. In addition, chromium was detected in a blank sample at 0.65 ).1g/m3
• 

As indicated in USEPA guidance (1989). sample results are considered positive only if 

concentrations exceeded ten times the concentration of a common laboratory contaminant in a 

blank. or five times the concentration of a chemical that is not considered a common laboratory 

contaminant. Since the detected concentrations of chromium are less than five times the 

·concentration in the blank , the detections are not considered to be posit ive for chromium. Zinc 

was detected in a single ambient air sample from the Mullaly Park Grass fie ld at a concentration 

of83 11g/m3
. This concentration was above the screening criteria of 45 11g/m3

. However, it was 

not detected in any of the samples from the synthetic turf fields or the upwind background 

samples. The screening levels are 'protective ' of long-term, generally continuous exposures. 

Exposure during the limited time (2 hours per day) spent at any of the playing fields is not 

expected to be a concern fo r hea lth e ffects. 

Particulate Maller (PM 2.5) 

Air concentrations ofPM25 at the synthetic turffi elds ranged from 0.003 mg/m3 to 0.048 

mg/m3
. Background air concentrations of PM2 5, which inc lude the sampling at Mullaly Park"s 

grass fie ld and the specific background samples taken at Mulla ly Park and Thomas Je fferson 

Park, ranged from 0.003 to 0.05 mg/m3
. The range of PM2.5 measurements taken at the synthetic 

turf fie lds are within those measured for the grass playing field and the upwind background 

locations. The primary source ofPM25 is fossil fuel combustion from stationary sources, such as 

oil-fired power plants, and mobile sources. such as diese l vehicles. Certain industria l sources, 

e.g. smelting, and large wildfires, a lso emit fine particulate matter. Since ranges of PM:u air 

concentrations from both parks' turf fields are within background leve ls, and due to the 

urbanized location of the parks. it is concluded the PM2 5 leve ls from the synthetic turf fields 

were not distinguishable fi·om background. The consistent measurement of PM:u at Thomas 
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Jefferson Park. which is located adjacent to a highway. on a day when the w ind was blowing 

steadily from the direction of the roadway, supports this conclus ion. 

Bulk Crumb Rubber 

A bulk crumb rubber sample was co llected fro m each of the two synthetic turf fields for 

the purpose of matching substances ident ified in the air samples with the constituents found in 

the bulk crumb rubber. The crumb rubber samples were analyzed for 77 organic compounds 

(VOCs and some SVOCs) and eight metals. Of the organic compounds tested, only one 

(naphthalene) was detected in the crumb rubber sample collected fi·om the Thomas Jefferson 

Park synthetic turf field. Detected concentration o f the naphthalene was wel l below the so il 

cleanup objective level of I 00 mglkg (Appendix B). Concentrations of metals. other than lead 

and z inc, were we ll below the respective guideline values. The lead and zinc level for the crumb 

rubber sample co llected from the Thomas Jefferson Park exceeded the respective guideline 

va lues o f 400 mg/kg and I 0.000 mg/kg, respectively. YS DEC caps the soil c leanup o bjective 

values for metals at I 0,000 mg/kg. This is not based on health concerns. As zinc is a known 

component of tires and crumb rubber, a level of 13, I 00 mg/kg zinc is not at all unexpected. The 

elevated leve l of lead detected in the bulk crumb rubber sample from the Tho mas Je fferson Park 

synthetic turf fie ld requires fmther invest igat ion. 

2.5.2 Human Health Risk Assessment 

The data does not support the need to conduct a human health risk assessment from the 

inhalation route of exposure. 
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3.0 CONC LUSION 

The purpose of this AQS was to investigate the potential re lease of contaminants from 

crumb rubber synthetic turf fields and the subsequent potential exposures in the breathing zones 

of yo ung children to those airborne contaminants. Very few const ituents were detected in the air 

samples taken above the fields, and fewer still exceeded the screening levels. Of the 18 SYOCs 

( 17 P AHs and benzothiazole), 69 VOCs and I 0 metals tested, a total of e ight YOCs and two 

metals were detected in the air measurements. Of these. only three YOCs were found unique to 

the synthetic turf fields (i.e. not detected in the upwind background locations or at the Mullaly 

Park grass field); only one of which (chloro form) exceeded the screening level. There was no 

consistent pattern to indicate that the constituents were associated with the synthet ic turf. 

Regardless, the screening leve ls are highly conservative and ''protective·' of long-term, general ly 

continuous exposures, and such continuous and long-term exposures are unlikely to occur at 

synthetic turf fields. Ranges o f PM2.5 air concentrations from both synthetic turf fie lds were 

within background levels. Overall, none of the detected air measurements were found to be at a 

level that is like ly to cause adverse health effects from typical exposures that occur at synthetic 

turf fie lds. 

In summary, an analysis of the air in the breathing zones of children above synthetic turf 

fie lds do not show appreciable impacts fi·om COPCs conta ined in the crumb rubber. Therefore, a 

risk assessment was not warranted from the inhalation route of exposure. The bulk crumb rubber 

samples collected as part of this project, however, resu lted in the detection of an e levated lead 
level. t 

t DPR is currently replacing the field and continuing to investigate the source of the lead contamination. 
Using protocols developed by DOHMH, DPR has since tested the remaining synthetic turf installations 
throughout YC for lead and has not found a lead hazard. Results will be posted on the DPR webs ite at 
www.nvc.gov/parks when available. 
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APPENDIX A 

SAMPLING LOCATIONS 
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NEW YORK. NEW YORK 

APPENDIX A-1 
SAMPLING LOCATIONS -

TURF FIELD 
Date: 09/08 Project No. 153896.0010.0000 



NOT TO SCALE 

C TRC 
21 Griffin Rd. North 
Windsor. CT 06095 
(860) 298-9692 

MULLARY PARK 
NEW YORK. NEW YORK 

APPENDIX A-2 
SAMPLING LOCATIONS -

GRASS FIELD 
Date: 09/08 Project No. 153896.0010.0000 



Playground 

WIND DIRECTION 
AT 10:30 A.M. NE 

NOT TO SCALE 

C TRC 
21 Griffin Rd. North 
Windsor. CT 06095 
(860) 298-9692 

THOMAS JEFFERSON 
NEW YORK. NEW YORK 

APPENDIX A-3 
SAMPLING LOCATIONS -

TURF FIELD 
Date: 09/08 Project No. 153896.0010.0000 
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Table B-1 

Summary Air Sampling Results for Detected Ana lytes 

Synthetic Turf Background -
Analytes Fields Grass/Upwind Annual Air Short-Term Air 

(Concentration (Concentration Guidelinet Guidelinet 
Range) Range) 

(1Jg/m 3) (1Jglm1 (IJg/mJ) (IJg/mJ) 

Volatile Organic Compounds or VOCs 
(Of 69 VOCs tested, eight were detected) 

2-Butanone (MEK) ND-3 ND 5,000 13,000 
Acetone 9.3-51 ND- 11 28,000 180,000 
Chloroform ND- 2.9· ND 0.043 150 
Chloromethane ND - 1.1 ND - 1.1 90 22,000 
Ethanol 6.2-22 5.1-8.9 45,000 NA 
n-Hexane ND- 2.1 ND 700 NA 
Methylene Chloride ND- 9" ND- 6.9" 2.1 14,000 
Toluene ND- 2.7 ND-2 5,000 37,000 

Metals 
(Of 10 metals tested, two were det~ed) 

Chromium 0.87- 1.4" ND -1 .8• 1.2 NA 
Zinc ND ND-83 45 NA 

Particulate Matter or PM 

PM 2.5 0.003- 0.048 0.003 - 0.05 15 NA 

Semi-Volatile Organic Compounds or SVOCs 
(Of 18 SVOCs tested which Included 17 PAHs and benzothlazole, none were detected In any of the ambient air samples) 

*Measurement exceeded guideline value. 

NO = Not detected above the laboratory reporting limit. 

NA =Not available. 

tNYS DEC 2007. DAR 1 Tables- Short-term and annual air guideline levels. 
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Mulltly PatiC ·SynthetiC T~o~~l F~eld 
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AppendOt 8-1b 

Thom~s Jefttl"'$00 Park~ Syn.ther.c Turf f.eld 
New Yo"'. NY 

• Sample iD . 

Sa""'eName 

Sa""'" Dote 
• Sample Type 

labiD . 

Oupbcato · 
CONSTITUENTS 

VOCs 

• .llelhyl-2-j)entonone 
Acetone 
Aeetonrtn!e 
Aay1onttn1e 

Benzene 
Benzyl Chlonde 
Bromodd'llotomeihane 
Bromoetl'lane 
Bromoethene 
Bromoform 
Bromomothane 
Butadttnt 1.3-
Butonone 2- (MEl() 
Carbon d,s1Aftde 
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Chlorobenz.one 
Chloroethane 
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Chloromethane 
Ch$oropro~ne, 3· 
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Olbromochloromethane 
Otbfomoelhane. 1.2· 
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Ochloroelhene. 1, 1· 
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Triehk)robenzene. 1,2,4-
Tnchloroethane, 1.1.1· 
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2 u 2U 2 u 2U 
3 7 u 37U 3 7 u 3.7 u 
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AppendiX B·1b 
Thomas Jottorson Pali> ·SynthetiC Turf F..eld 
NewYoll<, NY 
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~nthracene 
Bonzo (a )In t hr acen e 
Benzo(a)l'yrone 
Benzo(b)lluorenthene 
Benzo(e)pyrono 
Ben zo(g,h ,l)perylen e 

Bon zo(k)fluor an t hone 
O>rysene 
Olbenzo(a,h )ant hraceno 
Fluoranthene 
Fluorene 
lndeno(1.2.3-c,d)pyrene 
Naphthalene 

Phenanthrene 
Pyrone 

Benzothlazole 

Metals 
Cldmtum 
Ouom.um 
Copp er 
Iron 
lead 
Manganese 
N•ckel 
Siver 
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:Z,nc 
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1 80 J J 
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2 38 J 
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051 u 0 • 9 u 075 u 077 u 
051 u 049 u 075 u 077 u 
0 5 1 u 0 49 u 0 75 u 0.77 u 
0.25 u 025 u 038 u 0 39 u 
025 u 025 u 038 u 0 39 u 
025 u 025 u 038 u 039 u 
0 25 u 0 25 u 0 38 u 039 u 
0 25 u 0 25 u 0 38 u 0 39 u 
0 25 u 0 25 u 0 38 u 0 39 u 
0 25 u 025 u 0 38 u 0 39 u 
025 u 0 25 u 038 u 039 u 
0 25 u 0 25 u 0 38 u 039 u 
0 51 u 0 49 u 0 75 u 077U 
0 25 u 0 25 u 0 38 u 0 39 u 
051 u 0 49 u 0 75 u 077U 
025 u 025 u 038 u 039 u 
0 25 u 0 25 u 0 38 u 0 39 u 

0.25 u 0 25 u 0 37 u 0 38 u 

0 25 u 0 25 u 0 37 u 039 u 
1. 1 0 87 1 4 11 
1.2 u 13 u 18 u 19 u 
6 2 u 6 3 u 9 I U 9 7 u 

062 u 063 u 091U 097 u 
093 u 09• u 1 4 u 15 u 

1 2 u 13 u 18 u 19 u 
0.62 u OG3 U 091 u 0.97 u 
6 2 u 6 3 u 9 I U 9 7 u 
1 2 u 13 u 18 u 19 u 



Append~ 8·1 c 
M\lbly Potll. Gross Foel<t 
New Yo"'-. NV 

• SampleiO. 

S•n-9• Name 
S11T9e Date 

' Somple Type . 
Lab 10 : 

Ouplreate : 
CONSTITUENTS 

OCs 

.t.Methyl-2-pe:nt.a.none 
lAc.etone 
!Acetonrtnlo 
Ae:tylonrtnle 
Benzene 
Benzyl Chlondo 
Bromoctchloromelnane 
Bromoetn1ne 
Bromoethene 
Bromofonn 
Bromomethane 
Butadrene 1.3· 
Butonono. 2· (MEl<} 
Carbon d•sutftde 
Carbon Toltaehlondo 
Chlorobenz.ene 
ChloroeU'Iane 
Chlorororm 
Chloromethane 
Cl'lloropropeno 3-
C.hlorotl)luene, 2· 

Cyclohexane 
O!bromochloromethane 
O!bromoethane. 1,2· 
o.ettlorobenzene, 1.2· 
OlcNoroben:ene, 1.3--
O~Joroben:.ene, 1 . .c. 
OIChloroeth1ne. 1,1· 
Odlloroelhane. 1,2· 
Od!loroethene. L 1· 
Ddlk>roetl'lene. CtS· t.2· 
o.thloroethene. nns-1.2· 
Orehloropropono. 1.2· 
D~hloropropono, as·l.3· 
Oicl11oropropone, tr.~ns·l.3· 
Otoxano, 1,4-
Ethanol 
Ethyl ace\lte 

Ethylbenzene 
EU'Iyh.olueno, ... 
Freon 11 (Tnchloronuoromethlne) 
Freon 113 (1 , 1,2 Triehlorotnfl\loroethano) 
Freon 114 ( 1,2 Orehlorotetr.~fluoroethano) 
F"'on 12 (Orehloroddluoromothane) 
Heptane n· 
Hexathloro·1 .3~butad~tne 
He.une. n~ 
Hex.anone, 2· 
lsopmpylolcohol 
M•thyl•ne ehlondo 
Methylolen"buiYI ether 
Propylene 
SIYrene 
Ten.•aty bu1yl aloohol 
Telnlehloroethane, 1.1.2.2· 
TeV.chloroelhene 
TettahydtOfuran 
Toluene 
Tnehlorobonzeno, 1.2,4· 
Tnehloroolhano, 1.1.1· 
Tnehloroethane, 1.1.2· 
inctlJoroolhene 

n.methytben:ene 1.2 4l. 
TnmethyiDenzene. 1,3.S· 
Tnmollly!pontone, 2.2.4· 
Vrnylacetlte 
Vinyl ell Iondo 
Xylene (onho) 
)(yle~n• (pora & moto) 

MPrc MPfS M'f9 MPflO 

MU!Iltly"•'" M ul•tv hA. Gnu M ul•tv ,., .. Gtus M u .. ly hrlt Guu 
Gr•n n.td ,. .. Jl•ld ,,. .. 

Oet.!6108 Oet.!6108 08127108 Oet.!7/08 
AK A6 A6 AJr 

280801650·21 280801650.15 280801650-4 280801650·19 

2U 2U 2U 2U 
95 71 u 92 73 

084 u 0 84 u 0.84 u 084 u 
I. I U I I U 1 1 u 1. 1 u 
1.6 u 1.6 u 1.6 u 16 u 
37U 37U 37U 37 u 
33 u 33 u 33U 33U 
22 u 22U 22U 2 2 u 
2 2 u 22U 2.2 u 2 2 u 
52 u 52U 52 u 52 u 
1.9 u 1.9 u 1.9 u 19 u 
I I U II U II U I I U 
15 u 1.5 u 1.5 u I 5 U 
16 u 16 u 1.6U 16 u 
3 I U 31 u 3 I U 3 I U 
2.3 u 2.3 u 2.3 u 2 3 u 
1,3 u I 3 U 13 u I 3 U 
2 . u 2. u 2. u 2. u 

I U II I U I U 
16 u 16 u 16U 16 u 
26 u 26 u 2.6 u 2.6 u 
17 u I 7 U 17 u 1 7 u 
4.3 u 4.3 u 4.3 u 4.3 u 
3 8 u 38 u 38 u 3 8 u 

3U 3U 3U 3U 
3U 3U 3U 3U 
3U 3U 3U 3U 
2 U 2 u 2 u 2U 
2 u 2U 2U 2U 
2 u 2U 2U 2U 
2 u 2 U 2U 2U 
2U 2U 2U 2U 

23U 2 3 u 23 u 23U 
2 3 u 23 u 2.3 u 2 3 u 
2.3 u 2 3 u 2 3 u 2.3 u 
1.8 u 1.8 u 1 8 u I 8 U 
58 5 I 76 6C 
I 8 U I 8 U 18 u I 8 U 
22U 22 u 22 u 2 2 u 
25U 2.5 u 2.5 u 2 5 u 
2.8 u 2.8 u 2 8 u 2 8 u 
3.8 u 38 u 3.8 u 3.8 u 
3 5 u 3 5 u 35 u 3 5 u 
25U 25U 25U 25 U 

2U 2U 2U 2U 
53U 5.3 u 53U 53 u 
I 8 U 18 u 1.8 u 18 u 

2 u 2U 2 U 2U 
37 u 3 7 u 37 u 37U 
52 u 52 u 52 v 52 u 
18 u 18 u 18 u 18 u 
1.7U 17 u 17 u 17 u 
21 u 21 u 2 I U 2.1 u 
1 5 u 1.5 u 1,5 u 1 5 u 
3 . u 3.4 u 3.4 u 3 4 u 
3 . u 3,4 u 3.• u 3. u 
I 5 U I 5 U I 5 U I 5 U 
19 u 19 u 19 u I 9 U 
3.7 u 37 u 3 7 u 3 7 u 
27 u 2.7 u 2.7 u 27U 
27U 2.7 u 2.7 u 27U 
27U 21 u 27 u 27U 
25U 25U 25U 25U 
25U 25U 2.5 u 2SU 
2 3 u 2 3 u 23U 2 3 u 
18 u 18 u 1,8 u 1.8 u 
1,3 u 1.3 u 1.3 u 1 3 u 
2 2 u 2 2 u 22U 22U 
2 2 u 2 2 u 2 2 u 2 2 u 



Append" B·lc 
Mubly P•"- ·Gross Field 
NewYof1(. NY 

VOCTICS 
r-'cetaldehyde 
Hexanal 
Nonana1 

SVOCs 
Acenaphtt'lene 

f.cenaphthylene 
~threeene 
Benzo(t)ln 1 hrac,ene 
Benzo{a)pyrene 

Ben zo(b)tluoran th ene 
Benzo(e)pyrene 

Benzo(g ,h ·' )pe rylon o 
Benzo(k~luoranthene 

Olrysene 

• SompleiD : 

St~Name 

SI~DilO 

• Somple Type 
labiO 

Dup~cate : 

O.benzo (a.h)anth racene 
Auoranthone 
Auorene 
lnd eno(l.2,3-c,d)pyrene 
Naphthalene 
Phenanthrene 
Pyrone 

Benzothlazole 

M•tats 

cadm ium 
O'lrom •um 
Copper 
Iron 
load 

MangantM 
N1cke1 
Siver 
Tin 
Zinc 

MPf4 

M..,_laty~rll; 

Gr-•uO.Id 

08126/08 
Aw 

280801650-21 

• 09 J 

5 81 J 

08 u 
08 u 
08 u 
0 4 u 
0 4 u 
0 4 u 
0 4 u 
o• u 
04 u 
0 .4 u 
0 .4 u 
0 4 u 
08 u 
04 u 
08 u 
04 u 
0 4 u 

0 42 u 

041 u 
I I 
2 1 u 
10 u 

I U 
16 u 
2 I U 

I U 
10 u 

2 1 u 

M,S M m M'no 
M~o~l•t¥'•ri1 Gnu MIA•tv ' •rtt Grus M"'atyP.,\GniiU ..... ..... ..... 

08126/08 08127108 08127108 
Aw Air t>s 

280801650-15 28080165().4 280801650-1 9 

1 80 J 

081 u 082 u 08 u 
081 u 082 u 08U 
0 81 u 082 u 08U 
0.4 u 0 4 1 u 0,4 u 
0.4 u 0.41 u 0 4 u 
0 4 u 0 4 1 u 04 u 
0 4 u 041 u 04U 
04 u 041 u 0.4 u 
04 u 0.4 1 u 0 4 u 
0.4 u 0.41 u 0.4 u 
0 .4 u 0.41 u 0,4 u 
0 4 u 041 u 0.4 u 

081 u 0.82 u 08 u 
04 u 0 4 1 u o• u 

081 u 082 u 08 u 
0 4 u 041 u 04 u 
0 4 u 0 4 1 u 04 u 

0 41 u 0 42 u 0.39 u 

043 u 0 .4 1 u 0.41 u 
I 7 I U I U 
2. 1 u 2. 1 u 2U 
11U 10 u 10 u 
11 u I U I U 
16 u 1 5 u I 5 U 
2.1 u 21 u 2U 
II U 1 u I U 
11U 10 u 10 u 

2.1 u 83 2U 



Appendlx B-1 d 

Muloly Pat1< • Batl;ground 
NewYorW, NY 

• Semple 10 · 

Safll)le Name 

Sa~le Dote 
• So~lo Type 

Lob 10 . 

Oup~c.alo · 
CONSTITUENTS 

voca 
4.Methy'-2-pe:ntanone 
Acetone 
Acetonttnle 
Acrylon,tnte 

Benzene 
Benzyl Clllonde 
BromoGcNotOme#lane 
Bromoel.l'\ane 
Bromoethene 
Bromoform 
Bromomethane 
Butad.1ene. 1 ,J.. 
Butanone . 2· (MEK) 

Carbon d!lu1fodo 
Carbon Teltacnlondo 

Chlorot>enzane 
Chloroethene 
Chloroform 

CnloromothaM 

Chloropropene. 3-
CMorototuene, 2· 
Cyclot1ex11ne 
01bromochJoromethane 
Olbromoethane. t .2-
Od\1orobenzene. 1.2-
o-cNorobenzene. 1.3-
Odllon>benzene. t.4· 
Olehloroethane, 1.1· 

D'c.hloroelhane, 1.2-
O.CI'IIoroetl'lene, 1. 1-
OtenfOroet,ene. o.s- t.2· 
OchJorcethene, IJ'Ins--1.2· 
Oochloropropane. 1.2· 

Dd11oropropene. cis-1.3-
DichJoropropene. trans-1,3-
O.oxane. 1,4-
Ethanol 
Ethyl eeeta1e 
Ethyl>enzone 

Elhyho1uene. 4-
Freon 11 (Tncllloronuoromotnane) 
Freon 113 (1.1.2 Triclllorotnfluoroothano) 
Freon 114 (1 .2 Oiclllorolel,.fluoroethane) 
Freon 12 (Oochlorodd\Jorometh .. e) 
HepUine n-
Heuc:hloro-1 ,J-but.ad1ene 
HeXJint, n-
Hex.anone. 2~ 
Isopropyl alcohol 
Methylene clllonde 

Meth~ten-butyl ether 
Propylene 
Styrene 
T trt1Aty txlty11Jcohol 
Tetracnloroethone. 1, 1 2.2· 
Tetrath1oroethene 
Tetrahyd~furan 

Tok.lene 
Toc.h1ombonzene. 1,2,<4-
Trichloroethane. 1, 1. 1-
Trlehloroetl1ane, 1.1.2· 
Tnc-.hlorotthene 
TntNthylbenzene. 1,2,4-

Tnmethylbenzene. 1.3.5· 
Tnmetllylpentano. 2.2.•· 
V.,yl acetate 
V1nyl Chloride 
Xyleno (ortho) 
Xylene (pan~ & meta) 

M"6 MPTU 

Mul•tyhrll Tutf Mul•tv ,~1'\ Tvrf 
a.c\crouN:t n.w a.ct eround 

08126108 08127/08 
AJr M 

280801650-16 280801650·5 

2U 2U 
11 10 

0.84 u 0.84 u 
1. 1 u 1.1U 
1.6 u 1 G U 
3 7 u J7U 
3.3 u 3.3 u 
22U 2.2 u 
2.2 u 2 2 u 
5.2 u 52 u 
1.9 u 19 u 
1 1 u 11 u 
15 u 1 5 u 
1.6 u 1.6 u 
3 I U 3.1 u 
2.3 u 2 3 u 
1.3 u 1.3 u 
24 u 2 4 u 

1 u 1 u 
16 u 16 u 
2.6 u 2.6 u 
1.7 u 1.7U 
4.3 u 4 .3 u 
3.8 u 3.8 u 

3U 3U 
JU 3U 
3U 3U 
2 u 2U 
2U 2U 
2U 2U 
2U 2U 
2U 2U 

2 3 u 23U 
2.3 u 2.3 u 
2 3 u 2.3 u 
18 u 1.8 u 
8 9 6 7 
18 u 18 u 
2 2 u 2 2 u 
25U 2.5 u 
2.8 u 2.8 u 
38 u 3.8 u 
35 u 3 5 u 
2SU 25U 

2U 2U 
53 u 5.3 u 
I 8 U I 8 U 

2 u 2U 
3.7 u 37U 

52 u 69 
18 u I 8 U 
17 u 1 7 u 
21 u 2 I U 
1.5 u 1.5 u 
3.< u 3 4 u 
3. u 3 4 u 
15 u 15 u 

2 19 u 
3 7 u 3 7 u 

2.7 u 2.7 u 
2.7 u 2 .7 u 
27U 2 7 u 
2.5 u 2 5 u 
25U 2.5 u 
2.3 u 2 3 u 
1.8 u 1.8 u 
1.3 u 1.3 u 
2.2 u 2 2 u 
2 2 u 2 2 u 



Aj>pendox B-1 d 

Mu!oly Pari<· Background 
New Vort<.. NY 

SVOCt 
Acenaph thene 

!Acenaph thylene 
Anthracene 

Benzo(a)ant hracene 
Benzo(a)pyrene 

Benzo(b)fluorlnl hene 

Benzo(e)pyrene 
Benzo(g ,h,o)p ery1en e 

Benzo(k)flu or ant hen e 
Ouysene 
Oib enzo(l .h )an thrace ne 
Auoranthene 
Auorene 

lnd eno( t .2.3-c.,d)pyrene 
Nlphthllene 
Phenanthrene 
Pyrone 

Benz.othlazole 

Mo1alo 
Cadmium 

Olrom1um 
Copper 
Iron 

leod 
Mang1nese 

NICkel 

Siver 

r.n 
Zmc 

• SompleiD MPT6 M'lU 

M ubty hrt f url MwlatyPatt Turl 
Son'9eNomo &.c:ll.pound 0.W IU~OIInd 

Sorrc>ieDIII 08126108 08127/08 
' Sarrc>le TYI'<' ,... ,... 

labiD 280801650-16 280801650·5 
DuploCite 

0.81 u 0.8 u 
0 81 u 0 8 u 
0 81 u 0 8 u 
04 u 0 4 u 
04 u 04 u 
04 u 0. u 

o• u 0 4 u 
04 u 0 4 u 
0 4 u 0 4 u 
o• u 0.4 u 
0 4 U 0.4 u 
0 4 U 0 4 u 

0 81 u 0 8 u 
0 4 u 04 u 

081U 08U 
0 4 u 0 4 u 
04 u 0. u 

0 4 u 039 u 

0.39 u 0.39 u 
1 8 1.2 
1.9 u 19 u 
97U 97U 

097 u 097 u 
1.4 u 14 u 
19 u 19 u 

0.97 u 0.97 u 
9 7 u 97U 
1.9 u 1.9 u 



Appendix B-lo 
ThorNs Jeffcrs0f1 Park- Sackglround 
Now YO<\. NY 

• Somple ID . 

Sample Name. 
SlmploDalo : 

• Simple Type · 

lob iD 
Duplo(alo 

CONSTITUENTS 
VOCs 

4.Methyt-2-pentanone 
Aeetone 
~onltn~ 
~nrde 

Benzen-e 
Be~CI'olonde 

Bromooc.hkwomethane 
Bromoethane 
Bromotthene 
Bromoform 
Bromomethane 
Butadltne. 1,3-
Butonont. 2· (MEK) 
Catt>on d·sulflde 
Cart»on Tet,..tll)oricfe 
Chlorobenzene 

Chloroothane 
Chloroform 

Chloromethane 
Cnloropt'Opone. J.. 
Clllo<otoluene. 2· 
Cyelonexone 
Dobfomotlll0rome1nane 
D1bromoethane. 1.2· 
Ok;hlorobenzene. 1,2· 
Dichlorobenzene, 1.3· 
DichlOrobenzene. 1.4· 
O.ChfOfOOUHI.ne, 1 , 1· 
Oc:hk>rOetMne, 1.2-
Dochlo<oelhene. 1.1· 
Od'lsoroetMne, as. 1.2-
Ochk>roethene, trans- 1 .2· 
OtehiOfOpropane, 1.2-
Doc:hiO<Opropene, ciS·I.3· 
OtC.hloropropene. trans-1 ,3-
Dioxane. 1.4-
E1111nol 
Ell!y1ocotote 
Ethyll>en:ene 
Etrty~oluene. 4 · 

Freon 1 t (Tfichloronuorometn1ne) 
Freon 113 (1,1,2 TriehiO<Oiriftuoroolnone) 
Fre0t1 11 .C ( t .2 Oichlorotetranuoroethane} 
Freo<~ 12 (DithiO<Odlftuommelhlnt) 
Hept•ne. n-
Heu<hlo<o-1 J.buta<l'ene 
HtdM n-
Hexanone. 2-
Isopropyl aiC<IIlo4 
Methylene chk>nde 
Methyl·ten-tkJtyl ether 
Prop)tene 
Styrene 
Tert.ary b..r,4 alcohol 
TW.olllotoethlne, 1.1.2.2· 
T ttrltef'ltoroelhene 
T etrahydratur.~~n 
Toluene 

Trieiltorobenzene, \,2.4-
Trtei'!Joroethlne, t. t. t· 
TMhlotoeth.l.ne. 1,1.2· 
Tr\clllo<oelhene 
Tnmotnyoen:ene 1.2.• · 
TM\tth)"'benzene. 1.3 .> 
Tnmethylpeotane, 2.2.4-
VW~Vlacelate 

Vln11 chiOndo 
x~ono (onM) 

Xyftne (Pira & meta) 

Ill TJU 

l"hon\uJ•ff•nOI\ ~•tJef'fettOft 

Twrf laotk4fOiol~ lurlt..c\.C'OIII'Id 

08/25108 08/28/08 
I>JI AA 

280801650-18 280801650-1 

2U 2U 

8.9 9 
084 u 0 •• u 
II U I I U 
16 u 16 u 
37U 37 u 
33 u 33 u 
22 u 22 u 
22 u 22 u 
52 u 52 u 
I 9 U I 9 U 
II U I I U 
I 5 U 15 u 
16 u 16 u 
31U 31U 

23 u 23U 
I 3 U 1.3 u 
2 4 u 2.• u 

I U I 
16U 16 u 
26 u 26 u 
I 7 U I 7 U 

•3U •3U 
38U 38 u 

3U 3U 
JU 3U 

JU 3U 
2U 2U 
2U 2U 
2U 2U 
2U 2U 
2U 2U 

2 3 u 23 u 
2 3 u 23 u 
2 3 u 23U 
I 8 U I 8 U 
62 8 
I 8 U 18U 
2 2 u 22 u 
2 5 u 25U 
28 u 28 u 
3 8 u 38 u 
3 5 u 35U 
25U 2 5 u 

2U 2U 
S3U 53 u 
18 u 18 u 

2U 2U 
3 7 u 37 u 
52 u 52 u 
I 8 U ' 8 u 
I 7 U I 7 U 
2 I U 2 I U 
15 u IS U 

3 • u 3 • u 
3• u 3• u 
15U IS U 
19 u 1.9 u 
37U 3 7 u 
27U 27 u 
27 u 27 u 
27U 2 7 u 
25 u 2 s u 
2SU 2SU 
2 3 u 2 3 u 
1 8 u 18 u 
' 3 u I 3 U 

2 2 u 2 2 u 
2 2 u 22 u 



AppendiX 6-1 e 
Thomas Jefferson Park · Sl'kground 
New YOfk. f'lY 

• Somple 10 · 

Sample Name· 

S.mpleD•te: 
• SlmpleType 

Lib tO 
llup4Qte 

V0C TICo 
Non anal 

SVOCt 
Acenapf"'thene 

Acenaphthytene 
Anlhracene 
Benzo(l)lnt hracene 
Benzo{a)pyrene 
Benzo(b )fluor ant hen e 
Bonzo{e)pyrene 
Bon zo(g .n ,t)9eryrene 
Sen zo(k)tluo ranth ene 

Ouysene 
Owbenzo(a n)anthraeene 
Fluor tnt hone 
Fluorene 
In den o(1 ,2,3-e,d )P yrene 
Naphlllalene 
Phen11n1nrene 

Pyre no 

BtnllOthiUillo 

Metal a 
cadmium 
Ouomium 
Copper 
rron 
Lead 
Manganese 
NtCket 

Siver 

''" ZJnc 

"' TJIC 

lllomu '•"•no" Thomet J•"•MCW\ 
Twrfletkl!'owl'l4 Turlt..c lttrOIH~d 

08125108 08128108 
loX loX 

280801650-18 280801650-1 

5 8 1 J 

051U 077 u 
051U 077 u 
051 u 077 u 
026 u 039 u 
026 u 039 u 
026 u 039 u 
026 u 0 39 u 
0 26 u 0 39 u 
0 26 u 0 39 u 
026 u 0 39 u 
026 u 039 u 
026 u 039 u 
051 u 077 u 
0 26 u 039 u 
0.51 u 0 77 u 
0 26 u 0 39 u 
0 26 u 0 39 u 

026 u 038 u 

0 33 u 0 38 u 
096 1 1 

16U 19 u 
81U 9SU 

081 u 095 u 
12 u 1. u 
16 u 19 u 

081U 095 u 
8 .1 u 9.5 u 
16 u 19 u 



Table B-2 

Summary C rumb Rubber Results for Detected Analytes 

Analytes Synthetic Turf Fields Soil Cleanup 
(Concentration Range) Objectivet 

(mg/kg) (mg/kg) 
Volatile and Semi-Volatile Organic Compounds (VOCs and SVOCs) 
(Of n organic compounds tested, one was detected) 

Naphthalene 0.216 100 

Metals 
(Of eight metals tested_, six -re detected) 

Arsenic 0.768 16 
Barium 0.96-4.87 400 
Cadmium 0.23- 1.3 4.3 
Chromium 0.888 110 
Lead 5.9- 409* 400 
Zinc 1.810 -13,100* 10,000 
" Measurement exceeded NYS DEC soil cleanup objective. -- --
tNYS DEC, 2006. 6NYCRR Part 375-6-8. Soil Oeanup Objective Tables for restricted residential land uses. 
http://www.dec.ny.gov/regs/15507.html#15517. 



~8-2> 
1111 l''f Par\.· Bu"\ Cru~b R\lt:Oef 

NewYor~ tiV 

• S:unple rO 
• Sample Oep(h 

Sampl~ Oa!e 
• Slm~Type 

L:tbO 

CONSHTUENIS 

j'voc·• and SVOCt (ug~g) 
A(etone 

,Ac:rylont nle 

a..v .... 
Bl~obel'\l~ 

Blom~orome1.h.ane 

Oromod1Chlocomet~ne 

Bromoform 

Bromomemane 
Bvranone 2· «!I£KJ 

8U"Ybenz~. uc· 
Butybenzffle, tert. 

Ekl¥twru:enene. ~ 
Carbon dsulfldt: 

C\Jibon tetraehlorde 
htOfobtnzMe 

lc,_,.,. 
eNotofOfi'T'I 
CI\IOf~elhoaM 

CI\IOfot~ueM, 2· 

Ch!Qfotoluene, 4· 

O•btomt>J-ch!oropropar\e 1 2-
Olbromochlorome-tl'l~ne 

Ocwomoe.naM' 1 2-
Oet~U'Jane 

01Chtot~ene, 1 2· 
O.c:hlofobenzene t ).. 

Dichlorobenzene. 1,4-
OIChJorOCI.rlluorometnane (Freon 121 
Ocrdoroe"..twne 1 2· 
O<Hof~llo 

to- ............ 
OICI\Iotonhene, crs-12· 

Ochklroemrne. trat'$>1 2· 
OIChklropro""ne, 1,2-

Otehlotoptopane: 1,3-

Oltt\IOtopropane 2 2· 
t>cnaotocw~., 1· 

t)c:f'I'Oropt()9efte C$-1.J.. 

OICh!Cropr~e traM-1 .J.. 
01-IIOPfOply ethtl 

010one, 1 4. 

e ... no~ 
e .. ~.,., 
Etnrt ttn~ t'tMI 

Eth~I\ZtN 
Htottltorobutitd~ene 

Heonone. 2· tWBK) 
~propyl benzene 

1toetopyi!OfueM, 4~ 

"'eth)'l t~ttt..ou:yt ether 
'-'~1·pet'.tanone 4.. t'-' St<, 
~Jf"!nytent Chlonde 

~aphthalene 

PropylbCinztM, n-

Styrene 

fen-amyl m~ttfl)'l ttMr 

ler11N~~ ak.CINII 
le-.rKt'IIOfot'U'Iant'.1 1.12• 
le1fad'IIQ(oe'l:il~ne, 1 1 2.2· 
1 e'lrach10foethene 

freuahydroturan 

t'rotuene 

ltrans.-1 .C-OICh.loro-2-W:tnt 
ffC'OtOtlf:lVtrw 1 7 3-
hehlorobt'nl.ene 1 2 • 
Trlthlorobtnnne, 1.2,S. 
lnthloroethane, 1, 1,,. 
Tnchlor~thane. 1,1,2· 
frchJOtoeD'Itnt 

frcntOto'luorome-.r-~ 

hdllorocwoopa...e 1 2 3-
lnc:Notob't"u~.ane 1 1 2· 

fri!Titthflbenune 1 2 • 
f rlmethylbtnztne 1,3 s. 

V•nvt t-hlorde 

)Cylene,m.~ 

lxy~ene «> 

M~,o~llalyP~ttt 014nk 

Gan$108 

Ctuf'l'lbRubbet 

SA-&3958·2 8090J01--9l-K1 

13•0 u 10 u 
61, u I U 

13' u I u 
tl4 u 0 u 
134 u I u 

671 u 1 u 
134 u I U 
268 u 2U 

t:'ICO U IOU 
13' u I u 
13' u I u 
134 u I U 
671 u su 
134 u I u 
134 u I u 
26!U 2U 
134 u IU 

268 u 2U 
134 u I u 
134 u I U 
268 u 2U 
67, u I U 

67 I U IU 
134 u I U 
134 u I u 
134 u I u 
134 u I u 
268 u 2U 
134 u I u 
13' u I u 
134 u 1 u 
134 u I U 
134 u I U 
134 u I u 
134 u 1 u 
134 u 1 u 
ll'U IU 

671 u I U 
67 I U I U 
134 u I U 

2680 u 20 u 
53700 u 400U 

134 u 1 u 
13.C u IU 

·~ u 1U 
67, u , u 
1340 u IOU 

134 u 1 u 
134 u I U 
1341 u 1 u 

,,.cou IOU 

611 u IOU 
134 u IU 
134 V 1 u 
134 v 1 u 
1)4\J IU 

1340U lOU 

134U IU 

G71 U I U 
IJ• U , u 

1340 u 10 u 
134 u I U 
67 1 u 5U 
1l.C u I u 
134 u I u 
134 u I U 
134 u I U 
13.4 u I U 
134 v I U 
134 u IU 
134U IU 
134 u I U 
134 u I U 
134 u I U 
134 u I U 

2G8U 2U 
134 u 1 u 



Appfnd"Q.b 
,_,uft~y Par11:. Bu~ Cf\lft'\b Ru~t 

Nt-NYor\.. NY 

• SampleiO 

• Sa'l"pl'e OepCh 
S.11mpteOate 

• S01mple Type 

lab tO 

.... - (mg/!<g) 
Arsen ic 

a~ttum 

caom.um 

Ouonuum 

'" .. " 
Selen1um 

Stver 
ltne 

Mullaly P•rk 8bnk 

0812<)108 

Ctumb Rubbet 

SA-1139~2 1!1090301·Bl K1 

0 225 u 
0956 

0 231 

015 u 
5 95 

0125 u 
0225 u 
1810 



Ac»tnn• 8-21> 
~" Jeoi'T'erwn P~nk • Ekt'- Ou"'''lt>R'v*'' 
N~Vor\.., t:V 

• SaiT!pleiO 

• SampleO.ot"'l 

$•""'• Oa:.e 

ThOma• ,.,.-nOfl 
0-2' 

08I2SiOa 
· Sa~ Type CN,..bRu~ 

llbiO SA-43~2 

CONSnTUENTS 
VOC. 1nd SVOC. (uglk:g) 

'"'"Lone 2000 u 
~ON~ie 206 u 
a. ...... X>OU 
9t0f'l't0bef\l~ 2001 v 
Oromoc:hloteo~etha~ 2001 u 
Bro~ocl!chlotomethane 206 u 
B1omo!01m 206 u 
B1omometJ\ane 411 u 
8utaMM, 2· ~WEI<) 2Qe0 u 
B&lf'V'benleM ~«- 206 u 
lheyltle'nlene *'1· 206 u 
fJ~t>tnzene,.., n· 206 u 
CIIOOI'I dtSUifi<Jie 1030 u 
C11bon tetn1cNonde 2001 u 

HorObel'lleM 2001 u 
Noro.C\Iine 411 u 

CHCMOIOtfl't X>OV 
CNOion>t'tha..,_ 41"2U 
Chi010101UeM, 2· 2001 u 
C1'110f010fu~.4· 2001 u 
[)bfomo-:k'-hiOfOptOPIM 1 2• 41 1 u 
t)bfomocl'llotCYI'IeU'Iane 206 u 
!>tM"OrY~Ot"Mne 1,2· 206U 

P,twOf!"om.ut.a-. 206V 

J!>cNotooet~.tene. 1 2· 206U 

P,tHorowl'll.ene, 1 3· 206 u 
p trtorObtl'll@n•. 1 •· 206 u 
l)cHoroonuotomethanecF,eon 12) 41 2 v 
!)cNotMtJ\Ine. 1.2· 206 u 
jotNor011h.inel,l· 206 u 
~tx-- .... 206 u 
j:t>cH01~0.1"2 2001 u 
OJchiOiotlf'leM, tlal'IS·1 2• 2001 u 
()cNOfopropane, 1,'1· 206 u 
l)tHOf()pi'OP~ne, 1,3· 206 u 
[)cHOtOt)fO~ne 2,1• 206U 
OlcNoropro~ 1 1 206U 
focwocOCI'~. ct 1 3-· 206V 
t>cNo-oorOOHM-. tJa.M.-1) 206U 
I) .. IOprO(Ity'e"'" 206U 
!)ou""',1,4· •t20U 

fe ....... 82500 v 
( I"Y!etl,., 206 u 
£tnyl~t1tlutyi~ef 2001 u 
~~,.,..beol'll~e 200U "" ........... .......,. 200U 

~eo.-.none 2· (M&.k) 2060U 

.c>pro-py\benzene 206 u 
ISOPfopyltolu-tne, •· 206 u 
N'el.l'lyllet1·~ ether 200 u 
~eO'ryi·2·P"ftlnOtW, 4 ( M 81(1 2060 II 
VeC"1AMCN~ 2060 u ..... "-'~ , . 
~oWt>tnzene. n- 206U 

Sr,-1ene 200 u 
Tert-IITIY' meVlylethet 206 u 
lert·9~1'1011buty1ak0hol 2oeou 
let•IChiOIMthaM 1, 1 I 2 200 u 
ret•.c:hlorMtha._~ ' 1 '2 200U 
TWe<NorooethotH 206 v 
T~••l"'ydlo•ur•n 2060 u 
TdueM 200 u 
ran•· 1,.t.()chlcwo-2·bUt•n• 1030 u 

l,l(tl\otObenzene. 1,2.3· 206 u 
fflcti'Oroben:en•. 1,2 4· 200 u 
tiCtllCKOO.n:ene- ' ' S. 206U 

frcWot~"'41 I 1.1· 206 u 
r.~~~~. ,, 2· 206V 

lriC'hiO'oethene 2001 u 
lncn.IOroftuorom~ane 700U 
ftiC:hiOtopropa.ne, 1.2.:J.. 206 u 
IIC:hiOI'otntluOfoect'lal\4, T T 7 200 u 
,,,._-'"'fbe1\Ze1'1, 124 200U 

IT, ... .,~btftlet~e_1_l~ 200U 

"''""""""' .. 206U 

lx"- .... 412 u 
~x,., ...... 206 u 

OYnll; 

8090301·9ll<1 

10 u 
IU 

IV 

IV 

I u 
1 u 
1 u 
2U 

10 u 
IV 

IV 

I U 

su 
I u 
I U 

2U 

I U 

2V 

I U 

I u 
2U 

I u 
I U 

I U 

IV 

I U 

I u 
2U 

I u 
I u 
IU 

IV 

I V 

I U 

I U 

IU 

IU 

I v 
IV 
, u 

20 u 
400 v 

I U 

I u 
, u 
I u 

IOU 

1 u 
I u 
1 u 

10 u 
IOU 

I u 
1 u 
1 u 
IU 

IOU 

IU 

I u 
, u 

10 u 
, u 
5U 
, u 
1 u 
IU 

IU 
, u 
, u 
I U 

I U 

I u 
1 u 
, u 
I u 
2U 

I u 



ADPencb B·ZI> 
Tho"'lt Jettet10n P11k . Bulk Cr"mo Rubbe1 
New York. NY 

• S•,.,P•IO 
• SFT~d• Ott!t" 

Sa""tl• Oa•e 

Thomas ........... 
0.2' 
~ 

• S•"T!CI'4'T~ Ctu,...o A:ul!CH 
l ab iO SA-339'$8-1 

ot., M.tat• (molkg) 
,Araerue 0 76& J 

a., I""' 467 
c.dm•~o~m 1 l 
Ouom1um 0 888 J ,_.,. 409 

Stl• nlum 15U ,,,., 1>U 
Z,nc 13 tOO 

ea."' 

10i0)01..8l.Kt 



Table B-3 

Summary ofTemperature Measurements 

... 
Ambient Air Surface Temp 
Temp Range Range 

(OF) (OF) 

Synthetic Turf Fields 

Mullaly Park Synthetic Turf Field 83- 87.4 96.7- 120.8 
Thomas Jefferson Park Synthetic Turf Field 79.1 - 84.5 91.9- 129.1 

Background Grass/Upwind 

Mullaly Park Background Grass Field 79.1 - 93.8 87.5- 110.7 
Mullaly Park Upwind Background (Grass) 79. 1 -93.8 91.2- 110.2 
Thomas Jefferson Park Upwind Background (Grass) 79.1 - 84.5 80.5- 106.6 

Temperature readmgs were obtmned wllh a Kcstral 4500 Pocket Weather Tracker every I 0 nunutes over an approxm1ate 
90 minute period. 



- -

Station 4 - Grass Field Station 5 - Grass Field 
Time Temperature Time Temperature 

OF OF 

12:40 94.4 12:35 87.5 
12:50 107.5 12:52 102.7 
1:00 98.6 1:04 97 .5 
1:10 98.4 1:13 99.8 
1:22 96.7 1:25 97.7 
1:33 105.2 1:37 102.3 
1:42 104.6 1:45 99.8 
1:54 101.3 2:01 104.7 
2:15 110.7 2:16 100.5 

I 101.9 99.2 

Table B-3a 
Surface Temperatures 
Mullaly Park - 08/26/08 

New York, NY 

Station 6 - Background 
Time Temperature 

OF 

3:13 104.6 
3:26 108.5 
3:37 110.2 
3:47 98.8 
3:56 96.8 
4:14 102.7 
4:30 106.1 

104.0 

Station 7 -Turf Field Station 8- Turf- Field 
Time Temperature Time Temperature 

OF OF 

3:10 113.2 3:06 120.3 
3:21 120.8 3:24 114.5 
3:32 119.9 3:35 115.8 
3:43 105.7 3:45 105.5 
4:02 107.7 4:04 120.4 
4:13 96.7 4:11 113.1 
4:27 103.1 4:28 108.1 
4:40 105.3 

109.1 114.0 



--

Station 9 - Grass Field Station 10 - Grass Field 
Time Temperature Time Temperature 

OF OF 

12:15 102.3 12:15 98.3 
12:33 103.8 12:35 98.5 
12:43 100.2 12:45 98.1 
1:00 107.1 1:03 102.9 
1:17 108.4 1:19 99.1 
1:45 98.9 1:48 92.5 

Average I 103.5 98.2 

Table B-3b 
Surface Temperatures 
Mullaly Park - 08/27/08 

New York, NY 

Station 11- Background 
Time Temperature 

OF 

2:40 105.7 
3:05 107.2 
3:25 104.4 
3:49 101.9 
4:14 99.7 
4:22 91.2 

101.7 

Station 12 - Turf Field Station 13 - Turf - Field 
Time Temperature Time Temperature 

OF OF 

2:35 110.2 2:33 104.2 
3:03 112.5 3:01 108.7 
3:22 111.8 3:20 109.7 
3:46 103.6 3:43 107.4 
4:11 101.5 4:08 107.2 
4:21 99.8 4:19 100.1 

106.6 106.2 



Table B-3c 
Surface Temperatures 

Thomas Jefferson Park - 08/25/08 
New York, NY 

Station 1 - Background Station 2 -Turf Field Station 3 - Turf - Field 
Time Temperature Time Temperature Time Temperature 

OF OF OF 

11:20 88.3 11:00 92.9 11:15 104.2 
11:34 86.5 11:18 100.8 11:30 97.5 
12:47 92.7 11:35 94.6 12:35 114.8 
1:07 88.2 12:45 112.3 12:43 112.5 
1:20 92.2 1:02 107.5 12:59 110 
1:39 91.7 1:17 108.1 1:15 102.3 
1:55 88.9 1:35 107.8 1:33 113.4 
2:01 106.6 1:52 96.4 1:49 97 
2:20 92.2 2:04 106.8 2:07 91.9 

2:20 111.7 2:15 102.8 
Average I 91.9 103.0 104.8 



Station 14 - Background 
Time Temperature 

OF 

12:22 104.3 
12:41 95.6 

1:10 80.5 
1:25 94.2 
1:50 104.6 

Average I 95.8 

Table B-3d 
Surface Temperatures 

Thomas Jefferson Park - 08/28/08 
New York, NY 

---

Station 15- Turf Field 

Time Temperature 
OF 

12:18 122.5 
12:37 100.6 
1:03 121.8 
1:21 120.9 
1:46 125.6 

118.3 

- - -

Station 16 - Turf- Field 
Time Temperature 

OF 

12:16 129.1 
12:39 122 
1:00 121.7 
1:19 112.4 
1:44 124.6 

122.0 



APPENDIXC 

SAMPLING WORKSHEETS 



Site Name M~\~ry PoJK Date ! '~(,'0~ 
( 

Type of Field __ 1w)..._/...___t _______ Age of Field _L_J.__,~+------

Field Description 

Ambient Temperature at start ---------lo~~-.~~1:....;..' Y-1--- ending <g 3. 0 
'J3 t.J ')~."3 

RH start _ _ ______ ___,l-~,, ...:.....'_:....._1_ ending _d-.::.......liiL\.12 ___ _.;:_ _ _ 

Winds speed start -----------")..:....:.'.....:::1-:.___ wind speed ending _2.....:.........0'------

Wind direction start _ _ _____ _,..._$v)..:::....__ wind direction ending .....::$=-W __ _ 

Weather conditions S'IA.V\Y\~' rka r sly 

Data Interpretation--------------------

~ .0. 7 DT ~3~ '":11 I J-~ .f_·- _t_~7S'I 

Sample Pump# StartTime ' Star\ Endnme End Calibration 

Location ID Calibration I 

~ MPT~\ tf- ~~so ;;.ott-- 4_ \ 52- ; .os-D 

~ MPtlC ~ 2:5D ;)..o:>! 1 ~ S'Z ~.02,~ 

~ Mer~n tc:; 7- ', )7) l.f, Ob8 t.t : ~z '1.122--
/ 

Mf>-r7 c31 d.- '-',~s ~ .~~0 t.i ~J Lt3 J.ogl 
~w MP17 Cl I 2-'. lf') ;.. ~rv lfs-Lf'3 ci. o~J 

o'f-Nl' I ~. () /~ lf',~? 'f. 1 ri ~~J- MPi7D '). ·. ~~ 

) lf ~'-11 J.lf~ ft1 f /f(t:,l J.~c.f-t 2 I 0?8" 

1-tv 
MPT~ p, I ~ J.'tfr ~. o L/r lj__~!i]__ //1~1 

·eo 
MPrrD /o ~ ~Lfrt t. 0 ":jg Lf:Lf1 Lf. llo 

-



)~t-

~ 

-

9 

Site Name M~tt Ill rf #f:l:6l. Po._ v-l L_ 

Type of Field 'fZt r/- q e { q 
Field Description 

Date_ ........ ~_ .... --=· ~=-=-]--~_o..:::;_Y __ _ 

Age of Field __ L....:..j ____ _ 

Ambient Temperature at start -------lo~'-'· lf,..!..l, '-==-- ending _....u.¥~3.£..;·:....:.? ___ _ 

RH start ---------~~.:..-.'h.a.~.I.IL_- ending _ __..J'tt;~-· _!;Q...:;.:;._·~k~--
Winds speed start _______ _e::2;:..:.L=---_wind speed ending--=.)_._! __ _ 

Wind direction start --------=5~c==---wind direction ending ....::'S;_· __ _ 

Data Interpretation--------------------

Sample Pump# Start Time Start End Time End Calibration 
Location ID Calibration 

fVJPT/ I 81 5 ?- ·. 2J.p ~ , 0::20 lf;?~ ;.9/~ 

MPT It c { (p ) ',2-{p ~ . 032. 'I'-3J ').DL/9-

fv1fTrl/ D '1q 2 ·. 2f.o q.oJS CfoJ f.J./1 g 
rvwr \'2..1> jo ·)'.2) ~.o13 Lf: 3o ~ '-/.~ 
Mf1b.BI 1 ~·.2s ~· o))_ t..hro 2.o01 
tv\ 'P 1' I LCI I 1'-~s ;. 6J'/ i: jt) '1. cro I 
M-PT I?J f) 8' 2: 2-2- ¥.Dfk Lf~zt L/, (!)~q 
MPI l ?:>C1 3 2 :zt- J.-D3CJ tf; l-<? /. q23 

MfT l31Jl lf ~:zz_ ) .OJC] Lf .: l?S r;.oO(p 

E 



Site Name iYJ t.t //a ;'7 Par /L 

TypeofField {llyttS:, B~ll nt!J 
Date f- ?.<o-or 

Age of Field--------

Field Description O:rt ::LII !UJ. ...J _ _ r ,_ (' /: r I 
~ f!W e._a.s.J- SJ(J..Jl_ot 17»1 5oCC~r-tiUd-S ~ 

~,/() d~,!D Ambient Temperature at start _____ _.._IL~:...__ ending-¥-¥-.::~""""'(}_..__ ___ _ 

RH start ------------l3~~-· 7,!__ __ ending _ _..)u........::~'--·_.....5:'-----
Winds speed start _______ __:d::_·.::...ft> .::.:~r;..:..:_- wind speed ending __.!..___--={) _ _ _ 

"' ~ Wind direction start _______ __:_IV;:____ ,..nnd direction ending _ v __ _ 

Data Interpretation ___________________ _ 

Sample Pump # Start Time Start End Time End Calibration 
Location ID Calibration 

MfFtt ~I I 12..: 2.2- /) .ogt- ?. ~~--2- d.Dio~ 

~PFttCI ~ l1.~1..-'2. /..611 1-! ~7- I . Cfl/Z 

M fflfO tJ I ?,.:Z1- ~. ottt ~·,~ 3.Cflj-L 

M fFS"f.?l 3 12. ~1-~ 2.(JC{) J; 2~ ~;), PI 
Mtf~Cl 5 JJ. :1,Lf . z,o&>J ;;._;"" ~I· q. 

MVv)D /1J 1?.-~V+ Lf. 'D3/o ;)..' u 3.fd>s-

. 



Site Name ____,f'/ZJ....:....LL~u..L.Ll//aa....!q~...~-h~~~k:_:.::::::_ ___ _ Date --=-8---=-2::;....L..7-_..::-tJ~S'----
Type of Field_....~.,QJJ,..J.V.:....a.oO.r.....~S'S..loi...._.L..R..!...·.J....( ~fcl.a....__ ____ Age of Field--------

Field Description 

Jlyetq/(/i dJ wf i?J --ft-?:1/;,pcKr ,__ /0 ~ ,o/A w~ 

Winds speed start _______ _:ol:...... ... _:_' g':..___ wind speed ending 3 . 0 

Wind direction start--------~~'-· ....~.£_wind direction ending _,M_£''----
Weather conditions _...;;.VU._nn-+-[1~/ _:C_:_· ~...;;;_e.:.....ar;.,...__,;;.£;.;_k~):....__' ___________ _ 

Data Interpretation ((Juq/ fr11d1 -i-#c. CtPt.stM.clzP, 
Ill' ff //(.. 7'4 ;tV'< 

Sample Pump# Start Time Start End Time End Calibration 
Location ID Calibration 

~PtqBI 
, 11 :{)D d-. () 1-1- 'd~O( ;.1c;:; 

l'J1~C1 ). 1'2 .' 00 ). 00'6 ~'01 I 
~ J.1<(Ct; 

MP~~D 10 /?,;[XJ 4. a12- ?;,o j 3.tff 

MfF [Oc..\ Li 12~00 'J· 0 ·-:;z__ ']·.o~ 1. o I\ 
( 1\\ Pf lOBI 3 /z;po ;;.. D(tf 2..:os J. 9o1-

~Pf-JoD <g \2., '. 00 ~. 011.. z·.os 3 ,~ocf-



Site Name __ 11n~~IVW=-to~~ffirso..u.L;~:L._(\...______ Date __ ¥-=------2-----"-'?_-_cJ--'~"----
Type of Field __ ~.....:...:.,:,.\\..:....1'-f.J.....__ ______ _ Age of Field _7_3> _____ _ 

Field Description : . 
,._ I 0 peQf{~ pla.yo/ on &, field cft-<r/~ Mo,c.t/or,~, 'jri!VJ -k#-fl.,(:c_{h 

flO ehttw4/k okrs ®Yt'w. -k.Jb~t-. kur.s, ~dc.~rpv12l ru:u+ /~ ft..e aA"k.. ~f F1>12t FrrO 
--::-' ';;>' Y /'7 ~ I 

JP'J . I ending fyt ) Ambient Temperature at start 

RH start _ ____ _..:!.._~--Li...!...' 7..L..f...'foL-____ ending--------

Winds speed start ___ P_._O_,.._/_. _0 _____ wind speed ending _ _ Jc.__,_lo __ 

Wind direction start _ __ __:/V:..-=C::....._ ____ __ wind direction ending ___ _ 

Weather conditions DVef C£Of- I d~~o.d~ 7 VP..tfJ ~ ~ {,11711. Cf .::, ()1/-c.rca..sf-

Data Interpretation :lr~c. 6~ ~t. f) / f (fM1~(QI{rJ M ~ @ 

Sample Pump# 5:taz;t liM & 5Wt- iM.I 'Iiike fna eams: uti on 
Location ID S"t--.,f- CAl:. .:.Ill r e c& z.~s-~Dtt c-. l i ~d.-hw- c,d; 

/J /C 2- /tX3'-/ J. oto 
~~-f +t>w. 

//!c.J"l, ~-~1- 12:1..'1 2. ot_'f_ 2:3'+ ,_qfc) 

7 JIB 3 /O:jtf J. OP} I! :'11 :J.OP I 12:2,~ 2.01-1 V3'f (·~~1 

T JJD 1 jD.' J cf 1{. 013 Jt;c.f~ 1Q~ -- ). ~ )~ ?.4f).(G 

TJ2L. ~ ft>:l..f ). O'f1 I I ~ 11- ~l.~3Y 12!20 ;1.051> ~:2'1 - l.'f'fl 

r J 2!3 b /0: L 1 J.()OP I I ~ 31- f.CJ~r 11! I~ ~.00) J:Jt>- I ., 4/ 

IJ2.D f to :1-1 c.J. o'!f II: 3'1- tJ.bJ....&t \~! l:Z. 4. Dbb ;> : '2..~ ~ cf. 0/ ~ 

/J38 f lo: 2..1- ci·' or f/!'J1- J..OD~ t2.'·1s- ).o~r ):23 - /.'f?S" 

TJ5C & I o ~'21- J..osJ II! 11-_ ;. .otz. !1..~ I~ I . 'i 'f) ?..:2)- }."Tb'l 

TJ5D -:; I o :2:1- 'I .o-;z. II : 'J + 'f. 0 Jy' 11'.18' 'f.oJj_ 2: '2(. - 3.~q 

TJ!D 97 /1:2rl.(.tr~ I :t.~Cj 346 ~·.36 .. J.Cflr 



-j10 

~ 

-
1 
~ 

Site Name 1hoNs JJ[ernt-, ft'f)}. 
Type of Field JU d V 'dJ 

Date ____.f<----_2___;;_r_--_D_9 __ 

Age of Field ____.:./___:::3::....__ __ _ 

Field Description 

<() I. I Ambient Temperature at start--- -""'------ ending <:fl ~ Cj 
Ltl·S" RH start _ _ _____ __L-=-=-- ending )).7-

t .~ . wind speed ending Winds speed start --- --- ---IL.---1'----'- 'f. .r 
./ 

E wind direction ending ~ Wind direction start --- -----
Weather conditions ~ltl\:1 1 cleAr 5 ~ 
Data Interpretation ~&.~ p~ en w Sf kef .Jl.eA4 

Sample Pump# Start Time Start End Time End Calibration 
l ocation ID Calibration 

/jJLJ-lJ) ~ lJ ~ tf:D '-/. (J 2.9 Pr / !)'/ ;.rW 
1J }L{CJ ~ J/ ;~D ~ .wq I 1 ~w I , Cf~f. 

{ .Jii D lO ,,.,t[o 1.0';1~ I ~91 3,~31 

TJr~ t H'·<-f~ ?_ .D 7o ?, : DD ~ .D lb 
1J lS""&t 7._ U)f{ ~.{))2.. n (oo v• ' . 911-
l:r\1sv 1 \\ ~~ 4-. ~~ .0 1...(~ otJ ~ ·J31., 
TJ /fol3/ 3 ll~ 5r ;(.QS3 1:0) ' ,q~, 
'1JJ~C{ 'f H r,Sf J.D .)~ 1_·,(1{ t .9 ]~ 
lJ\~D t6 Jl lsr- Lf.. D'h) f}r,(j( '"). ~1'2-


